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In our daily life, we usually come across the substances which are mixtures 


of two or more pure substances. Solution is one of the most important CHAPTER CHECKLIST 


classes of тише one is шоо in ра апд pipperics “Solutions, T Expressing 
The utility or importance of solutions in our life depends on their Concentration of Solutions 


compositions. For instance | part per million (ppm) of fluoride ions in 


¢ Solubility 
water prevents tooth decay, while 1.5 ppm causes the tooth to become • Vapour P of 
mottled and high concentration of fluoride ions can be poisonous. e.g. Liquid Solutions 
Sodium fluoride in higher concentration is used in rat poisoning. € Collisitive Propedtits dad 
So, in this chapter, we will not only discuss the different types of solution Determination of Molár 
and associated laws but also the concentration and related terms. Mass 


| TOPIC 1| 


Solutions, Terms Expressing 
Concentration of Solutions 


А solution is a homogeneous mixture of two or more substances whose 
composition can be varied within certain limits. Here, homogeneous mixture 
means that its composition and properties are uniform throughout the 
mixture, In such a mixture, the component that is present in the largest 
quantity is known as solvent. The one or more components present in the 
solution other than the solvent are called solute. The physical state in which 
solution exists is determined by the state of solvent. 


Characteristics of Solutions 
These are as follows: 


(i) A solution is a single phase system. 
(ii) A solution does not allow a beam of light to scatter. 
(iii) The particles of solute in solution cannot be seen with naked eye. 


(iv) A solution is stable and the solute from the solution cannot be separated 
by filtration process. 


(v) The solute particles in a solution do not settle down. 


2 


CLASSIFICATION OF SOLUTIONS 


i i i lows : 
Solutions are classified on different basis as follo 


On the Basis of Solvent 


On the basis of solvent, the solution may be of the following | 


types: 


(i) Aqueous solution When solute is dissolved in water, it is 


known as aqueous solution. e.g. Ethanol in water. 


Gi) Non-aqueous solution When solute is dissolved in a 
solvent other than water, it is known as non-aqueous 


solution, e.g. Iodine in alcohol (tincture of iodine). 


On the Basis of Number of Components 


On the basis of number of components, the solution may be 


of the following types: 
(i) Binary solution The solution which contains two 


components is called binary solution, e.g. salt solution. 


(ii) Ternary solution The solution which contains three 


components either two solvents and one solute or one 
solvent and two solutes is called ternary solutions. e.g. 


Salt, sugar and water solution. 


The naming (binary, ternary, quaternary) goes on as the 
number of components increases. In this chapter, we will 


focus on binary solutions only. 


On the Basis of Physical State 
of Components 


On the basis of physical state of components, solution can be 
broadly divided into three types. Their further subdivisions 


and examples are tabulated below. 


the solution. 


Тег, wp be the mass of solute (В) and w, be the mass | 


EXAMPLE |1] Calculate the mass percentage of 


Types of 
solúfions Solute Solvent Examples 
Solid solutions Gas Solid Hydrogen in palladium. 
Liquid Solid Mercury with sodium forming 
an amalgam. 
Solid Solid Alloys like bronze and many 
others. 
Liquid Gas Liquid Oxygen in water, aerated 
solutions drinks, carbon dioxide in water. 
Liquid Liquid Alcoholic beverages are 
basically solutions of ethanol in 
water, 
Solid Liquid Sucrose (table sugar) or salt in 
water. 
Gaseous Gas Gas Air which is mostly mixture of 
Solutions č — ....... Nitrogen and oxygen gases. _ 
Liquid Gas Chloroform mixed with nitrogen 
_ == . ... gas, humidity in ai. — _ 
Solid Gas Camphor in nitrogen gas, dust 


meme __ 
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EXPRESSING CONCENTRATION 
OF SOLUTIONS 


Composition of a solution can be described by 
expressing its concentration. The latter can be 
expressed either qualitatively or quantitatively, e.g, 
qualitatively we can say that the solution is dilute 
(i.e. relatively very small quantity of solute) or it is 
concentrated (i.e. relatively very large quantity of 
solute). The concentration of a solution may be 
defined as the amount of solute present in the given 
quantity of the solution. There are several methods 


by which we can describe the concentration of the 
solution: 


Mass Percentage (ш / w) 


The mass percentage of a component in a given 
solution is the mass of the component per 100 g of 


Mass 96 of a component 
Mass of the component in the solution 


Total mass of the solution | 


of solvent (A); then | 


w T 
ee x100 


Mass percentage = 
QUA + Шр 


e.g. А 10% glucose solution іп water means that 
10 g of glucose is dissolved in 90 g of water resulting 
in a 100 g of solution. 


Concentration described by mass percentage is 
commonly used in industrial chemical applications, 
e.g. commercial bleaching solution contains 3.62 
mass percentage of sodium hypochlorite in water. 


benzene (C,H,) and carbon tetrachloride (CCl, ), if | 
22 g of benzene is dissolved in 122 g of CCl,. 

NCERT Intext | 
Sol  Massofsolution = Mass of benzene 


+ Mass of carbon tetrachloride 
= (22+122)g = 144 g 


Mass of benzene 
Mass % of benzene = 25 9" 2@121— > 100 


Mass of solution 


= oe. х 100 = 15.28% 
144 


Mass of CCl, 
Mass of solution 


= 122 , (002 84.72% 
144 


Mass % of CCl = x 100 


Solutions 


Volume Percentage (V/V) 


The volume percentage is the volume of the component per 
100 parts by volume of the solution. 


Volume of the component 


Volume % of a component = x100 


Total volume of solution 
Solutions containing liquids are commonly expressed in 
volume percentage, e.g. 100 mL of 35% (V/V) solution of 
ethylene glycol contains 35 mL of ethylene glycol and 65 mL 
of water. This solution is used as an antifreeze in cars for 
proper working of the engine during cold winter. 


At this concentration, the antifreeze lowers the freezing point 


of water to 255.4 K(-17.6? C). 


EXAMPLE |2| What amount of water is required to make 
10% ethanol in water solution using 10 mL of pure ethanol? 


501 Given, volume of pure ethanol 210 mL 
volume% of ethanol 2107 
Total amount of solution =? 


Volume% of ethanol = — Volume of ethanol '_ x100 


Total volume of solution 
^ 10 
Total volume of solution 
— Total volume of solution =100mL 
Thus, the amount of water used 2100 — amount of ethanol 
=100 -10 =90mL 


or 10 x100 


Mass by Volume Percentage (w/V) 
It is the mass of solute dissolved in 100 mL of the solution. 
Mass of solute 


Mass by volume % =———__———__——— x 100 
Total volume of solution 


e.g. А 10% solution of sodium chloride (w / V) means that 
10 g of sodium chloride is dissolved in 100 mL of solution. ' 
This unit is commonly used in medicines and pharmacy. 


Parts Per Million (ppm) 


When a solute is present in trace quantities, the concentration 
is expressed in parts per million (ppm). 
apt Number of parts of the component 108 
Total number of parts of all components 
of the solution 


Concentration in parts per million can also be expressed as 
mass to mass, volume to volume and mass to volume. e.g. 


(i) The concentration of pollutants in water or atmosphere is 
А -1 
often expressed in terms of ug ті, or ppm. 


(ii) Gases dissolved in water is expressed in mg Ке”! or ppm. 


EXAMPLE |3| If 1 L of a solution contains 
5 mL of a certain disinfectant then express this 
concentration in ppm. 

SoL Amount of disinfectant =5 mL 25x10 ^ L 
Amount of solution =1L 


Theny .; ppm Amount of disinfectant -— 
: Amount of solution 
-3 
Dae 25x10 ppm 
Mole Fraction (X) 


It is the ratio of number of moles of one component 
to the total number of moles of all the components 
present in the solution. Commonly used symbol for 
mole fraction is X. 
Mole fraction of a component 

Number of moles of the component 


~ Total number of moles of all the components 


Mole fraction of solute 
B P" (solute) 
X (solute) ~ 
M solute). * " (solvent) 


Mole fraction of solvent 


- P solvent) 
X (solvent) тт Ee 
п solute) M (solvent) 
where, л, tute and п olvent 216 the number of moles of 


solute and solvent respectively. 
e.g. In a binary solution, if the number of moles of A 
and B are n, and ng respectively, then mole fraction 


of A will be r; = 
na tng 


Similarly, mole fraction of B, 
ng 


na tp 


Xs 


x, *x,-! 

Mole fraction is independent of temperature and it is 

a dimensionless quantity. For a solution containing ; 
number of components, we have 

п; п 


A ———— I 


'onmoctnyeeen Yn, 


It can be shown that for a given solution, sum of all 
the mole fractions is unity, i.e. 


Xi*Xo ttx; zl 


4 


Mole fraction unit is very useful in relating some physical 
properties of solutions, e.g, Vapour pressure with the 


EXAMPLE ]4] Calculate the mole fraction of benzene in 
solution containing 30% by mass in carbon tetrachloride. 


NCERT Intext 


SoL For 100 g of solution, mass of benzene in the solution = 30g 
[As, benzene in ССІ, = 30%) 
-. Mass of carbon tetrachloride = (100 – 30) р =70g 
Molar mass of benzene (C,H,) = 12x 6 +1x 6= 78 g mol! 
Molar mass of ССІ, = 12+ 4x 35.5 =154 р mol” 
Mass of benzene 


<^. Number of moles of benzene = ——————— —————— 
Molar mass of benzene 


Number of moles of benzene — ар = 0.385 mol 
78 g mol 
Number of moles of CCI, .. MassofCCl — 
| Molar mass of CCI, 
Е EL = 0.455 mol 
154 g mol! 


Moles of benzene 
Total moles in the solution 
_ 0.385 

~ 0.385 + 0.455 
ato = 0.458 
0.84 
And mole fraction of ССІ, (x2) = 1— 0.458. = 0.542 
(asx, + X; 71) 


Mole fraction of benzene (x, ) = 


Molarity (М) 
It is defined as the number of moles of solute dissolved in 


one litre or one cubic decimetre of the solution. It is a 


function of temperature. 
Number of moles of solute 
Volume of solution (in litre) 


Molarity = 


Molarity varies with temperature due to change in volume 
of solution. 


Unit of molarity =g- mol/L 
e.g. 0.25 mol 1! (or 0.25 M) solution of NaOH means 


that 0.25 mol (or 10 g) of NaOH has been dissolved in 
one litre (or one cubic decimetre). 


EXAMPLE |5] Calculate the molarity of each of the 
following solutions. 


(i) 30 g of Co(N0,);: 6H,0in 4.3 L of solution. 
(ii) 30 mL of 0.5 MH, SO, diluted to 500 mL. NCERT Intext 
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Sol. (1) Molecular mass of Co(NO,),+ 6H,O 


= 5B.7+ 2x (14+ 3x 16)+ 6x (2x 1+ 16) 
= 58.7+ 124+ 108 = 290.7 g mol”! 


Number of moles of Co(NO;); -6H;O 
„Mass of solute. 
7 Molecular mass 
30 
290.7 | 
Number of moles of solute 
Volume of solution (L) 
20.103 _ 
(43. 
(ii) (a) First method 
* 1000 mL of 0.5 M H;SO, will contain 
H,SO, = 0.5 mol 


. 30 mL of 0.5 M H,SO, will contain H,SO, 
0.5 


= 


0.103 mol 


Molarity of solution = 


0.024 M 


=——x 30 = 0.015 mol 
1000 
Мога абоп = Number of moles “ solute 
Volume of solution (L) 
= 9.015 0.03 M 
0.500 
(b) Second method | 
MV, = M;V, 
0.5x 30 = М, х 500 
M, =0.03М 
Molality (т) 
It is defined as the number of moles of solute per 
kilogram of the solvent. | 


Molality is independent of temperature. 
Molality= Moles of solute 


Mass of solvent (in kg) 


e.g. 1.00 mol kg! (or 1.00 m) salusim of KCI means that 
1 mole (74.5 р) of KCI is dissolved in 1 kg of water. 


| 
EXAMPLE |6| If the density of some lake water is 
1.25 g mL'! and it contains 92 g of Na * ions per kg of 
water. Calculate the molality of Na * ions in the lake. 
Foreign 2012, 2008; NCERT 
Sol. Number of moles in 92 g of Na* ions 
T | Mass _92 
7 Molecular mass 23 
Number of moles 
Mass of solvent (kg) 
2 
1 


Molality of Na* ions = 


=4 mol Кр”! 


| TOPIC PRACTICE 1| 


OBJECTIVE Type Questions 


I. 


10. 


Identify the phase of solute and solvent among the 
options are given below, for a solution as amalgam 
of mercury with sodium. 


Solute Solvent 
(a) Solid Liquid 
(b) Solid Solid 
(c) Liquid Solid 
(d) Solid Gas 


Which of the following is the correct example of 
solid solution in which the solute is in gas phase? 
(a) Copper dissolved in gold (b) Camphor in nitrogen gas 
(c) Hydrogen in palladium (d) All of these 

18 g of sucrose is dissolved in 162 g of water. 


Calculate the mass percentage of solution. 

(а) 18% (b) 10% (с) 20% (4) 15% 

184 g ethyl alcohol is mixed with 72 g of water. The 
ratio of mole fraction of alcohol to water is 

(a) 3:4 (b) 1:2 (c) 1:4 (d) 1:1 
Molarity (in mol/L) of distilled or pure water is 

(a) 55.56 (b) 18 (c) 49.87 (d) 81 

If 0.1 M AgNO, and 0.1 M NaCl solutions are mixed 
in same volume, then what will be the concentration 


of nitrate ions? 

(a) 0.1 M (b) 0.2M (с) 0:05 М. ` (9) 0.025 М 

What will be the concentration of 0.2MH,SO, 
solution in g/L? 

(a) 21.4 (b) 39.2 (c) 9.8 (d) 19.6 

4 Lof 0.02 M aqueous solution of NaCl was diluted 
by adding 1 L of water. The molarity of the resultant 
solution is ......... : NCERT Exemplar 


(a) 0.004 (b) 0.008 (c) 0.012 (d) 0.016 | 


. The molality of a urea solution in which 0.0100 g of 


urea, ((NH;),CO] is added to 0.3000 dm? of water at 
STP is 

(a) 0.555 m 
(c) 33.3 m 


(b) 555 х107* m 
(d) 333x107 m 
Molality of an aqueous solution of urea is 


4.44 mol/kg. In solution mole fraction of urea is 
(a) 0.074 (b) 0.00133 (с) 0.008 (9) 0.0044 


ELIT 


15. 


VERY SHORT ANSWER Type Questions 


11, Give an example of a liquid solution in 
which the solute is 4'gas. NCERT 


12. Define the term mass percentage. NCERT 


13; ‘Calculate the mass percentage of aspirin 
'(C,H,O,) in acetonitrile (CH,CN), when 6.5 Р 
' -Of CgH,O, is dissolved in 450 g orei 


ts 


{4. Define the term mole fraction. 
All India 2012, 10, 09 C; Delhi 2012; NCERT 
State the main advantage of molality over 
‘molarity as the unit of concentration. 
a Delhi 2010, 2009C 
Or How does a change of temperature influence 
the values of molarity and molality of a 
solution? Delhi2011, 2009; Foreign 2011, 2009 


SHORT ANSWER Type I Questions 


16. Will the molarity of a solution at 50°C be 


same, less or more than at 25°C? 


17. Asugar syrup of weight 214.2 g contains 
342 g of sugar (C,,H,,0,,). Calculate 
(i) mole fraction of sugar 
(ii) molality of sugar syrup 
What volume of 95% sulphuric acid (density 
= 1.85 g/cm?) and what mass of water must 


18. 


be taken to prepare 100 cm? of 15% solution 
of sulphuric acid (density = 110 е /cm? )? 


19. Calculate the amount of benzoic acid 
(C;H5COOH) required for preparing 250 mL 
of 0.15 M solution in methanol. NCERT 
Calculate the mass of urea (NH,CONH,) 


required in making 2.5 kg of 0.25 molal 
aqueous solution. NCERT Intext 


SHORT ANSWER Type II Questions 


21. Define the term solution. How many types of 
solutions are formed? Write briefly about 
each type with an example. NCERT 


20. 
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22. Concentrated nitric acid used in the laboratory 
work is 68% nitric acid by mass in aqueous 
solution. What should be the molarity of such a 
sample of the acid, if the density of the solution is 
1.504 g mL''? NCERT 


23. Calculate (i) molality (ii) molarity and 
(iii) mole fraction of KI if the density of 2076 
(mass/mass) aqueous KI is1.202g ті. NCERT 


(i) As density and mass 96 is given, so find the mass of 
solute and solvent (as x96 solution contains xg solute 
in (100 - x) 9 solvent). \ 

(ii) Find the volume of the solution, using the relation 

Mass 

Density 


Gü) Recall the formulae of molality, molarity and mole 
fraction to calculate them. 


Volume = 


24. (i) Calculate the molarity of a solution containing 
4.9 р of H,SO, in 500 cm? of the solution. 

(ii) A solution contains 25% water, 25% ethanol 
and 50% acetic acid by mass. Calculate the 
mole fraction of each component. 

25. Asolution of glucose in water is labelled as 10% 
w /w. What would be the molality and mole 
fraction of each component in the solution? If 
the density of the solution is 1.2 g mL", then 
what shall be the molarity of the solution? 

Delhi 2014; All India 2013; NCERT 
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26. (i) Define the following terms: 
(a) molarity (b) molality, | 

Delhi 2014; АП India 2009; NCERT 
(ii) What is the molality of a urea solution in 
which 0.0100 g of urea ((NH;);CO] is added to | 
0.3000 dm? of water at STP? | 


LONG ANSWER Type Questions 
27. (0 Asample of drinking water was found tobe | 
severely contaminated with chloroform | 
(CHCI,), supposed to be carcinogen. The leve] 
of contamination was 15 ppm (by mass). 
(a) Express this in per cent by mass. 
(b) Determine the molality of chloroform in the 
water sample. NCERT 
(ii) An antifreeze solution is prepared from 222.6 | 
g of ethylene glycol (C,H,O,) and 200 g of 
water. Calculate the molality of the solution. 
If the density of the solution is 1.072 g mL", 
then what shall be the molarity of the 
solution? 


NCERT 


28. How many mL of 0.1 M НСІ are required to react 
completely with 1 g mixture of Na,CO, and 


NaHCO, containing equimolar amounts of both? 
NCERT 


| HINTS AND EXPLANATIONS 


1. (с) In the amalgam of mercury with sodium, sodium 
metal is the solvent and mercury (which is a liquid) is 
solute. 

2. (с) Solution of hydrogen in palladium is an example of 
solid solution in which solute is a gas. It is one of the 
rare examples in which solute is present in larger 
volume as compared to the solvent. 

3. (b) We know that mass percentage 

_ Mass of the component in the solution x100 
Total mass of the solution 
and total mass of solution 
= mass of sucrose (solute) + mass of solvent (water) 


= (18+162)р =180р 
'. Mass percentage = = X100 — 107, 


4. (d) Number of moles of C,H,OH = = 4; 


(Ме нуон = 46 g/mol) 


Number of moles of H,O = z =4; (Myo 718 g/mol) 


4 
Mole fraction, x 288 
сзн;он C414 8 
4 4 ,Xc,u, _4/8_1_ 
H20 Se шс 
T 4+4 8 хн,о 4/8 1 


weight of water 


5. (a) Molarity of water = molecular weight of water 
У y volume of water (in L) 


Weight of water — density x volume (mL) 
=1 X 1000 = 1000 g 
Molecular weight of (H,O) = 2х1 +16 =18 


*. Molarity of water = лаш г 55.56 mol/L 


6. (c) Molarity (concentration) of nitrate ions 
. number of moles of nitrate ions 
total volume (in L) 


=———_= т. =0.05 М , [same volume = V] 


Solutions 


7. (d) Molarity of H,SO, solution = 0.2 mol/litre 


Concentration of solution 

= molarity of solution Х molecular weight of matter 
Molecular weight of H,SO, = 98 g/mol 
So, concentration of H, SO, solution = 0.2 x98 = 196 g/L. 


8. (d) Given, M, 20.02 M, V, 2 4L, M, =?, 


9. 


\,=41.+11.=51. 
As we know, AV, = MV, 
002x4L = M; X5L 
М, = = =0016M 
Moles of solute 
Mass of water (in kg) 


Moles of urea = = mol 


(Б) Molality = 


Mass of water at STP (^ d =1g/cm? 2 1kg /dm?) 
Mass = ШЕ y 03 dm? =0.3 kg 
dm 
Molality = on)? is 5.55 x 10 molal 
60 x 0.3 


10. (a) 4.44 mol/kg means that, 4.44 moles of solute is 


11. 


12. The mass percentage of a component in a given solution 


13. 


14. 


15. 


16. 


17. 


18. 


present in 1 kg solvent (water). 


Mole fraction of urea 
number of moles of urea 


~ total number of moles present in solution 


Number of moles of urea = 4.44 


Number of moles of water = > = 55,56 


_ se = 0.074 
4.44+ 55.56 


Solution of oxygen in water, aerated drinks etc. 


-. Mole fraction of urea = 


is the mass of the component per 100 g of the solution 
ы? 1 iri 
Mass percentage of aspirin = „Ааваас азни. 
Mass of solutions 
zu 65g 
(450 + 6.5) р 
The ratio of number of moles of one component to the 
total number of moles of all the components present in 
the solution is called mole fraction. 
Molality does not change with change in temperature 
while molarity decreases with rise in temperature. 
Molarity at 50°C will be less than that at 25°C, because 
molarity decreases with increase in temperature. 
Since, volume of the solution increases with increase in 
temperature but number of moles of solute remains the 
same. 


Refer to Example 4 on page 4. [Ans 0.0099] 

Refer to Example 6 on page 4. [Ans 0.56 m] 

Refer to text on page 3. 

[Ans: Volume of H,SO, = 9.4 mL, mass of water = 90.6 g) 


= 1.424%. 


19. 0.15 M solution means 0.15 mole of benzoic acid are 
present in 1 L or 1000 mL of solution. 
Molar mass of benzoic acid (C,H, COOH) : 
CUUF6x1245X1*1x124 2x16 12 122 g mol 
| 1 mole of benzoic acid = 122g 
~ 0.15 mole of benzoic acid = 0.15x 122= 18.3 g 
* 0.15 mole are present in 1000 mL of solution. 
So, 1000 mL of solution contains benzoic acid = 18.3 g 
2, 250 mL of solution contains benzoic acid 
_ 18.2” 250 = 4575 ¢ 
1000 
20. Since, the molal aqueous solution of urea is 0.25 m. 
Moles of urea = 0.25 mol 
Mass of solvent (water) = 1 kg = 1000р 
Molar mass of urea (NH,CONH, ) 
=14+2+12+16+14+2= 60 g mol” 


0.25 mole of urea = 0.25 molx 60 g mol! 215g 


Total mass of solution = 1000 g +15 р 

=1015 р =1,015 kg 
Thus, 1.015 kg of solution contains urea = 15 р 
2. 2.5 kg of solution will require urea 


15g 
х 2.5 kg= 37 
1.015 kg á d 


21. Refer to text on pages 1 and 2. 
22. 68% nitric acid by mass means that 
Mass of nitric acid = 68g 
and Mass of solution = 100g, 
Molar mass of HNO, = 1+ 14+ 3x 16= 63 g mol! 


2. Number of moles of 68 g HNO, E mol = 1.079 mol 

+ Density of solution = 1.504 g mL"! 

^. Volume of solution = До, mL = 66.5 mL 
1.504 


= 0.0665 L 
Thus, the molarity of the solution 
_ . Moles of the solute 
~ Volume of solution (in L) 
= 19D M = 1623M 
0.0665 
23. (a) Molality (m) 
Weight of KI in 100g of water = 20g 
Weight of water in the solution 
= (100— 20) g= 80 g = 0.08 kg 
Molar mass of KI = 39 + 127 = 166 g mol"! 
Molality of the solution 


(m) = Number of moles of KI _ (20 р) /(166 g mol") 


Mass of water (in kg) 
= 1.506 mol ки”! = 1.506 m 


(0.08 kg) 


со 


®©) Molarity (M) 
Weight of the solution =100g 
Density of the solution = 1.202 g mL"! 
Weight of solution 
Density 
(100 g) 


Se. Sar oni = 83.19 mL = 0.083 L 
(1.202 g mL) | 


Molarity of the solution (Af) 
_ Number of gram moles of KI 
^ Volume of solution in litres 
_ (20 р) /(166 g mol!) 
D (0.083 L) 
= 1.45 mol L` = 1.45 М 


(с) Mole fraction of KI 
Number of moles of KI, 
Massof KI — 20р 


Volume of the solution = 


ng —————— —————— = — = 0.12 mol 
XI" Molar mass of КІ 166 g mol” 
Number of moles of water 
Mass of water 80р _ adáqiol 


"H:O ^ Molar mass of water 18 g mol! 
Mole fraction of KI 
Dg (0.12 mol) 
Xn = = 


ng +My,9 (0.12 + 4.44) mol 


24. (i) Refer to Example 5(i) on page 4. [Ans 0.1 n 
(ii) Refer to Example 4 on page 4. 


[Ans Mole fraction of water = 0.583 
Mole fraction of CH, OH — 0.196 
Mole fraction of CH,COOH - 0.301] 
25. 10g glucose is present in 100 g solution, i.e. there is 90 g 
of water — 0.090 kg of water 


Number of moles of 10 g glucose X mol- 0.0555 mol 


Number of moles of 90 g H,0=— =5 mol 


Molality of glucose Ji = 0.617 т 
0.090 Кр 
0.0555 
Mole fraction of glucose, <= 
g Айхон 5+ 0.0555 


но = 1- 0.01 = 0.99 
The density of solution = 1.2 g mL! (Given) 
-Volume of 100 р solution Eri mL 

- 83.33 mL = 0.08333 L 


0. 
0555 mol =067M 


Thus, molarity = 
0.08333 L 
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26. (i) (a) Refer to text on page 4. 
(b) Refer to text on page 4. 
(ii) Refer to sol 9 on page 7. 
27. (i) (a) 15 ppm means 15 parts in million (10°) parts by 
mass in the solution. 


Therefore, % by mass = = x 100 
10 


| =15x10* -15x1077 

(b) Taking 15 g chloroform in10^ g of the solution, mass 

of solvent «10$ р 

Molar mass of СНСІ, = 12+ 1+ 3x 35.5 

= 119.5 g mol! 

Mass of CHCI, / Molar mass 

Mass of water (in kg) 
_15/119.5 
~ 2104 


*. Molality = 


x 1000 = 1.25х 10 * т 


(ii) Mass of ethylene glycol = 222.6 g 

Molar mass of ethylene glycol (C,H,O,) 
=(12 x 2) - (10x 6) + (16 x 2) = 24 + 6 + 32 = 62 g mol! 

Mass of water = 200 g= 0.2 kg 

у (т)= Mass of ethylene glycol / Molar mass 

Mass of solvent in kg 

_ (222.6 р) / (62 g mol!) 
i 0.2 kg 

Density of the solution = 1.072 g тї! 


Mass of solution = Mass of solute + Mass of solvent 
= 222.6 g + 200 g = 422.6 g 


Volume= Mass _ 422.66 


Density 1.072 g mL” 


= 17.95 mol kg! = 17.95 m 


—394.2 mL 


Molarity(M)= Mass of ethylene кус} / Molar mass 
Volume in litres 
. (222.6 g) / (62 g mol!) 
at 0.3942 L 
28. Suppose, amount of Na,CO, present in the mixture=xg | 
2. NaHCO, present in the mixture =(1 — х) g 


Molar mass of Na,CO, = 2x 23+ 12+ 3x 16= 106 g mol 


29.10 mol L` = 9.10 M 


Molar mass of NaHCO, = 23 +1 +12 + 3 х 16 = 84 g mol" 
7. Moles of NaCO; in x g = T and 


Moles of NaHCO, in (1 - x)g =} 73 


As mixture contains equimolar күз of the two, 
x 1-х 


106 84 


106 
ог 106-106x =84x or x =—~g = 0.558 2 
190 


Solutions 
0.558 
Thus, number of moles of Na,CO, = = 0.00526 mol 
| 106 
and number of moles of NaHCO, = 1- 0.558 
4 
_ 0.442 


=— = 0.00526 
"7 mol 


Again by reactions, 

Na,CO, + 2HCl —9 2NaCl+ Н,О+ CO, 
NaHCO, + HCl —9 NaCl+ H,0+ CO, 

ы 1 mole of Na,CO, requires НСІ = 2 mol 


| TOPIC 2| Solubility 


Solubility of a substance is its maximum amount that 
can be dissolved in a specified amount of solvent under 
specified conditions. 
It depends on 
(i) nature of solute 
(iii) temperature 


SOLUBILITY OF A SOLID IN 
A LIQUID 


Solids are soluble in a liquid if their intermolecular 
interactions are similar. The solubility of a solid in a 
liquid at any temperature is defined as the maximum 
amount of the solid (solute) in gram which can be 
dissolved in 100 g of the liquid (solvent) to form the 


saturated solution at that particular temperature. 


Terms Related to Solubility 
of a Solid in a Liquid 


The terms which are needed to understand the solubility 
of a solid in a liquid are given below: 

(i) Dissolution When a solid solute is added to the 
solvent, some solute dissolves and its concentration 
increases in the solution, this process is known as 
dissolution. 

(ii) Crystallisation Some solute particles in solution 
combine with each other and get separated out of 
solution. This process is known as crystallisation. 

(iii) Dynamic equilibrium It is the condition, when 
number of solute particles going into solutions is 
equal to the solute particles separating out, i.e. 
dissolution and crystallisation processes occurring at 
the same rate. 

Solute + Solvent == Solution 


(ii) nature of solvent 
(iv) pressure 


^. 0.00526 mole of Na,CO, requires НСІ 

= 0,00526% 2 mol = 0.01052 mol 
© 1 mole of NaHCO, requires HCI = 1 mol 
2, 0.00526 mole of NaHCO, requires HCI = 0.00526 mol 
г. Total НСІ required = (0.01052 + 0.00526) mol 

= 0.01578 тоЇ 

Again, 0.1 mole of 0.1 M НСІ is present іп 1000 mL of НСІ. 
+. 0.01578 mole of 0.1 M HCI will be present іп НСІ 


1000 9.01578 = 157.8 mL 
0.1 


At this stage, the concentration of solute in solution 
will remain constant under the given conditions, i.e. 
temperature and pressure. Similar process is followed 
when gases are dissolved in liquid solvents. 

(iv) Saturated solution The process of dissolution 
continues until the solution attains a certain maximum 
concentration.Such a solution in which no more solute 
can be dissolved at the same temperature and pressure, 
is known as saturated solution. 

In saturated solution, a dynamic equilibrium gets 
established between the process of dissolution and 
crystallisation. 

Dissolution 


Solute + Solvent Solution 


Crystallisation 


(v) Unsaturated solution An unsaturated solution is one 
in which more solute can be dissolved without 
changing the temperature. 


Process of Solubility of a Solid in a Liquid 


Complete process for the solubility of solid in a liquid is 
discussed below: 


When a solid solute is added continuously in a solvent, the 
solute keeps on dissolving and the concentration of the 
solution increases (dissolution). Some solute particles in a 
solution get separated out of the solution (crystallisation). 

A stage is reached when the dissolution and crystallisation 
processes occur at the same rate. 


At this stage, number of solute particles going into the 
solution will be equal to the solute particles separating out 
and it can be called that a state of dynamic equilibrium has 
been achieved. At equilibrium, no more solute can be 
dissolved hence, a saturated solution is obtained at the given 
conditions of temperature and pressure. Thus, the 
concentration of solute in such a solution is its solubility. 


lO 


Factors Affecting the Solubility 
ofa Solid in a Liquid 


These are given below: | 
(i) Nature of solute and solvent This can be 
understood by saying “like dissolves like”. lc 


means that polar or ionic compounds (like NaCl) ` 


dissolve in polar solvents (like water) and almost 
insoluble in non-polar solvents (like benzene). 
Similarly, non-polar (i.e. covalent or organic) 
compounds (like naphthalene, anthracene) are 
soluble in non-polar solvents (like benzene, ether) 
and are less soluble in polar solvents (like water). 
Solubility in general, is result of three kinds of ` 
inter-particles interactions, i.e. solute-solute, 
solute-solvent and solvent-solvent interactions. 

(ii) Effect of temperature The solubility of a solid in 
a liquid is significantly affected by temperature 
change. 
In general, if in a nearly saturated solution, the 
dissolution process is endothermic, i.e. 
A, > 0, the solubility should increase with the 
rise in temperature and if it is exothermic, i.e. |” 
AH <0, the solubility should decrease in 
accordance with Le-Chatelier's principle. This : 
can be also observed experimentally. Ws 

Note Pressure does not have any significant effect on 
solubility of solids in liquids because solids and liquids are 


highly incompressible and practically remain unaffected by the 
pressure change. ' 


SOLUBILITY OF A GAS 
IN A LIQUID 


Almost all gases are soluble in water though to different 
extents. The solubility of any gas in a particular liquid is 
the volume of the gas (in cubic centimetre, cc) that can 
be dissolved in unit volume (1cc) of the liquid to form 
the saturated solution at certain temperature and under 
a pressure of one atmosphere. 


Factors Affecting the Solubility 
of a Gas in a Liquid 
These are as follows: 

(i) Nature of gas (solute) and liquid (solvent) 


The solubility of different gases in the same solvent 
varies, e.g. gases like hydrogen, oxygen, nitrogen 
and helium, etc., dissolve in water to a small extent 
whereas the gases like МН, , НСІ, SO,, etc., are 
highly soluble in water. 
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(ii) Effect of temperature The solubility of a gas decreases 
with increase in temperature. This is because when a 
gascous solution is heated, the molecular motion of 
gascous particles increases, as a result some molecules 
escape out of the solution. Also, the dissolution of a gas 
in a liquid is an exothermic process, so heat is evolved, 
So, applying Le-Chatelier's principle, with the increase of 
temperature, the solubility should decrease. 

(As gas + solvent == solution + heat, equilibrium shifts 
towards backward direction). 

(iii) Effect of pressure The solubility of a gas increases with 
increase in pressure. In this method, the gas is 
compressed over the liquid under the high pressure. 
Hence, the solubility increases. 

For the solution of gases in a solvent, consider a system 
as shown below : 


Effect of pressure on the solubility of a gas. The 
concentration of dissolved gas is proportional to 
the pressure applied above the solution 


The Jower part is solution and the upper part is gaseous 
system at pressure p and temperature 7. Assume this system 
to be in a state of dynamic equilibrium, i.e. under these 
conditions, rate of gaseous particles entering and leaving the 
solution phase is the same. On increasing the pressure over 
the solution phase by compressing the gas to a smaller volume, 
there is an increase in the number of gaseous particles per 
unit volume over the solution and also the rate at which the 
gaseous particles are striking the surface of solution to enter 
it. The solubility of the gas will increase until a new 
equilibrium is reached resulting in an increase in the pressure 
of the gas above the solution and thus, its solubility increases. 
In order to explain the effect of pressure on solubility of gas, 
Henry derived a relation, which is discussed here. 


Henry’s Law 


Henry was the first one to give a quantitative relation __ 
between pressure and solubility of a gas in a solvent which is 
called Henry's law. It states that at a constant temperature, the 
solubility of a gas in a liquid is directly proportional to the partial 
pressure of the gas present above the surface of liquid or solution. 
Dalton, a contemporary of Henry, independently concluded 
that if we use the mole fraction of a gas in the solution as a 
measure of its solubility, then it can be said that, the mole 
fraction of the gas (X) in the solution is proportional to the 
partial pressure of the gas (p) over the solution. 


Solutions | | 


The most common forms of Henry's law states According to Henry's law, Ри,ѕ = Kn * tus 
that, the partial Aaah of the gas in vapour phase or К. = Ри,ѕ _ 0.987 bar _ 282 bar 
(p) is proportional to the mole fraction of the gas (X) " XQ. 0005 — 


in the solution. It is expressed as 
Significance of Henry’s Law 


рх or [p=Ky -% -«() Ж 

From the Eq. (i), it сап be concluded that higher the value of Ky, аса 

where, K y is called Henry’s law constant. particular pressure, the lower is the solubility of the gas in the liquid. 
1 K ų values for both N, and О, increase with increase of 

Hence, Ky = K' temperature indicating that the solubility of gas in liquid decreases 

with increase of temperature. It is due to this reason that aquatic species 
Graphical Representation to are more comfortable in cold water rather than in warm water. 
Validate Henry's Law 


д EXAMPLE |2| At same temperature, Н, is more soluble in 
If we draw a graph between the partial pressure of . | 
the gas against the mole fraction of the gas in water than He. Which of them has higher value of K and why? 
solution at a given temperature, then a straight line Sol. He has higher value of Ky, because if the gas has more solubility, 
passing through the origin is obtained as shown in its Ку value will be low. 


a fgn given кын Applications of Henry’s Law 
Henry’s law finds several applications in industries. It also 
explains many biological phenomena. 
500 These are as follows: 
(i) In the production of carbonated beverages To increase the 


solubility of СО» in soft drinks and soda water, the bottle is 
sealed under high pressure. 


Partial pressure of НСІ (in torr 


0 0010 0.020 (ii) In deep sea diving Scuba divers (deep-sea divers) breath air 
Mole tractioi Of PICIA азс ere at high pressure under water. Increased pressure increases the 
cam plana hg И in solubility of atmospheric gases (like nitrogen) in blood. 
the line is the Henry's law constant, K, When divers come towards surface, the pressure gradually 
, | : | decreases resulting in the release of dissolved gases from 
Henry's law is applied to each gas independent of blood. This leads to the formation of bubbles of nitrogen in 
the presence of other gases. the blood, which blocks capillaries and gives rise to an 
Note ailment called bends or decompression sickness. 
Different gases have different Ку values at the same To avoid bends, as well as, the toxic effects of high 


temperature which suggests that K,, is a function of the 


пеше: the gas. concentrations of nitrogen in the blood, the tanks used by 


scuba divers are filled with air diluted with helium (11.7% 


EXAMPLE |1| H,S а toxic gas with rotten egg helium, 56.2% nitrogen and 32.1% oxygen). 
like smell, is used for qualitative analysis. If the (iii) For people living at high altitudes or climbers At high 
solubility of H,S in water at STP is 0.195 m, altitudes, the partial pressure of oxygen is less than that at the 
calculate Henry's law constant. NCERT Intext ground level. This leads to low concentration of oxygen in the 
Sol. Solubility of H,S gas =0.195 m, ie. 0.195 blood and tissues of people living at high altitudes or climbers. 
moles ind beol бе: {гае Consequently, they feel weak both physically and mentally. 
^ Number of moles of H,O in 1 kg of the solvent These are the symptoms of a medical condition known as anoxia. 
(water) TT Limitations of Henry's Law 
“Gent 55.55 mol It is applicable only when 
3 Male Fiacligh ct, Span dn Шеш (i) the pressure of the gas is not too high and temperature is not 
too low. 
0.195 _ 0.195 af 
(x)2————— - 0.0035 (ii) the gas should not undergo any chemical change. 


0.195 + 55.55 55,745 745 


(iii) the gas should not undergo association or dissociation in 
Pressure at STP = 0.987 bar Б 5 the 


solution. 


| TOPIC PRACTICE 2 | 


OBJECTIVE Type Questions 


On dissolving sugar in water at room 
temperature, solution feels cool to touch. Under 
which of the following cases dissolution of sugar 
will be most rapid? NCERT Exemplar 


(a) Sugar crystals in cold water 
(b) Sugar crystals in hot water 
(c) Powdered sugar in cold water 
(d) Powdered sugar in hot water 


Solubility of gases in liquids decreases with rise 
in temperature because dissolution is ап ., 

CBSE SQP (Term I) 
(a) endothermic and reversible process 
(b) exothermic and reversible process 
(c) endothermic and irreversible process 
(d) exothermic and irreversible process 


A beaker contains a solution of substance ‘4’. 


‘Precipitation of substance ‘A’takes place when 


small amount of ‘4’is added to the solution. The 


solution is ......... . NCERT Exemplar 
(a) saturated (b) supersaturated 
(c) unsaturated (d) concentrated 


Maximum amount of a solid solute that can be 
dissolved in a specified amount of a given liquid 
solvent does not depend upon ........ : 

(a) temperature (b) nature of solute 

(c) pressure (d) nature of solvent 


Pressure does not have any significant effect on 
solubility of solids in liquids because 
CBSE 2021 (Term I) 

(a) solids are highly compressible 
(b) liquids are highly compressible 
(c) solubility of solid in liquid is directly 

proportional to partial pressure 
(d) solids and liquids are highly incompressible 


Which of the following units is useful in relating 
concentration of solution with its vapour 


pressure? NCERT Exemplar 
(a) Mole fraction (b) Parts per million 
(c) Mass percentage (d) Molality 


Value of Henry's constant Ky, ..... NCERT Exemplar 


(a) increases with increase in temperature 
(b) decreases with increase in temperature 
(c) remains constant 

(d) first increases then decreases 


8, 


In the graph given below, what does the slope of 
the line represent? 


Partial pressure 
of HCI (torr) 


Mole fraction of HCI in 
its solution in cyclohexane 


‚ (a) Partial pressure of the gas in vapour phase (р) 


10. 


(b) Mole fraction of gas in the solution (x) 

(c) Henry's law constant (Kj) 

(d) АП of the above 

Ky, value for Ar(g), СО, (g), HCHO (g) and СН, (р) 
are 40.39, 1.67, 1.83 x 10? and 0.413 respectively. 
Arrange these gases in the order of their 
increasing solubility. NCERT Exemplar 
(a) HCHO « CH, « CO, « Ar 

(b) HCHO < CO, « CH, « Ar 

(c) Ar < CO, < CH, < HCHO 

(d) Ar « CH, < CO, < HCHO 

Low concentration of oxygen in the blood and 


tissues of people living at high altitude is due to 
15 NCERT Exemplar 
(a) low temperature 

(b) low atmospheric pressure 

(c) high atmospheric pressure 


(d) Both low temperature and high atmospheric pressure 


VERY SHORT ANSWER Type Questions 


11. 
12. 
13. 
14. 


15. 


Name the four important factors on which 
solubility depends. 

Why do smaller particles dissolve faster than 
larger ones? 

А.Н of NH,Cl is > 0. What is the effect of 
temperature on its solubility? 

Why do gases always tend to be less soluble in 
liquid as the temperature is raised? NCERT 
The K,, value for H, in water is 71.18 k bar but its 


value changes to 3. 67 k bar when the solvent is 
benzene. Why? 


SHORT ANSWER Type I Questions 


16. 


Give reasons for the following 
(a) Aquatic species are more comfortable in cold 
water than warm water. 
(b) At higher altitudes people suffer from anoxia 
resulting in inability to think, All India 2019 


Solutions 


{7. Based on solute-solvent interactions, arrange 


18. 


19. 


the following in the increasing order of solubility 
in n-Octane and explain. 


Cyclohexane, KCl, CHOH, CH,CN 

State Henry's law. What is the effect of 
temperature on the solubility of a gas in a 
liquid? All India 2012; 2014 


What is the significance of Henry's law constant 
Ky? NCERT Exemplar 


NCERT 


SHORT ANSWER Туре II Questions 
20. Amongst the following compounds, identify 


21. 


22. 


which are insoluble, partially soluble and highly 
soluble in water? 
(i) Phenol 
(iii) Formic acid 
(v) Chloroform 


(ii) Toluene 
' (iv) Ethylene glycol 
(vi) Pentanol NCERT 
Suggest the most important type of 
intermolecular interaction in the following pairs. 
(i) n-hexane and n-octane . 
(ii) I, апа сс, (йі) NaClO; and water 
(iv) Methanol and acetone 
(v) Acetonitrile (CH,CN) and acetone (C4H4O) 
(vi) Water and alcohol NCERT 


The air is a mixture of a number of gases. The 
major components are oxygen and nitrogen 
with approximate proportion of 20% is to 79% 
by volume at 298 K, respectively. The water is in 


23. 


3 


equilibrium with air at а pressure of 10 atm. At 
298 K, if the Henry’s law constant for oxygen 

and nitrogen are 3.30 x 10’ mm and 6.51x 10’ 
mm respectively, calculate the composition of 
these gases in water. NCERT 
The partial pressure of ethane over a saturated 


* solution containing 6.56x 10 ?g of ethane is 


1 bar. If the solution were to contains 5.0x 107 р 


of ethane, then what will be the partíal pressure 
of the gas? NCERT; Delhi 2013 C 


LONG ANSWER Type Questions 
24. Whatis the solubility of a solid in liquid? 


25. 


26. 


Describe the various factors on which the 
solubility of a solid in a liquid depends? 


Henry's law constant for CO, in water is 

1.67x 10? Pa at 298 К. Calculate the quantity of 
CO, in 500 mL of soda water when packed under 
2.5 atm CO, pressure at 298 К. 

(i) Henry's law constant for the molality of 
methane in benzene at 298 K is 427 x10? mm 
of Hg. Calculate the solubility of methane in 
benzene at 298 К under 760 mm of Hg. NCERT 

(ii) The solubility of Ba(OH),8H,O in water is 
5.6 g per 100 g of water at 288 K. Calculate 
the molality of hydroxide ion in saturated 
solution of B a(OH),-8H,0 at that temperature. 
(iii) Mention some important applications of 
Henry's law. NCERT 


HINTS AND EXPLANATIONS 


4. (c) Maximum amount of solid that can be dissolved in a 


(d) Dissolution of sugar in water will be most rapid 
when powdered sugar is dissolved in hot water bécause 
powder form can easily insert in the vacancies of liquid 
particles. 

Further dissolution of sugar in water is an endothermic 
process. Hence, high temperature will favour the 
dissolution of sugar in water. 


(b) The dissolution of gas in a liquid is an exothermic 
process, so heat is evolved. According to Le-Chatelier's 
principle, solubility of gases in liquid decreases with 
increase in temperature and it is reversible process. 
(b) When solute is added to the solution three cases may arise 
(i) It it dissolves into solution then solution is 
unsaturated. 
(ii) It it does not dissolve in the solution then solution 
is known as saturated. 
(iii) When solute get precipitated, solution is known as 
supersaturated solution. 


5 


. 


specified amount of a given solvent does not depend 
upon pressure. This is because solid and liquid are 
highly incompressible and practically remain unaffected 
by change in pressure. 
(d) Solids and liquids are highly incompressible. Hence, 
their solubility does not affected with changes in 
pressure. 
However, solubility of gases in a liquid is directly 
proportional to the pressure of that gas above the 
surface of the solution. 
(a) According to Henry's law, partial pressure of gas in 
the solution is proportional to the mole fraction of gas 
in the solution. 

p=Kyx 
where, Ky, =Henry’s constant 
Hence, (a) mole fraction is the correct choice. 


PT 


7. (а) Value of Henry's constant ( Ku) increases with 
increase in temperature representing the decrease 
in solubility. 

8. (о On comparing р = Ky - x with equation of 
straight line viz 
у= тх, г. m= Ку (Here, т = slope of the line). 
Thus, Henry’s law constant is represented by the 

slope of the line. 
9. (о Hint : The value of Ky rises, solubility of gases 
decreases. 
Hence, correct order is Ar « CO, « CH, « HCHO and 
correct choice is (c). 

10. (b) Low concentration of oxygen in the blood and 
tissues of people living at high altitude is due to low 
atmospheric pressure. 

Because at high altitude, the partial pressure of 
oxygen is less than at the ground level. This 
decreased atmospheric pressure causes release of 
oxygen from blood. 


11. Solubility depends on 
(i) nature of solute (ii) nature of solvent 
(iii) temperature (iv) pressure 

12. Particles with smaller size diffuse easily through the 
intermolecular spaces of solvent, hence they 
dissolve faster. 

13. Since, this process is endothermic, the solubility 
increases with increase in temperature. 

14. As dissolution of gas in liquid is an exothermic 
process (Gas + Solvent <> Solution + Heat). So, 
on increasing the temperature, equilibrium shifts 
towards the backward direction. 

15. Hint Higher the value of Ку for a gas, lower will be 
its solubility and vice-versa. 

Refer to text on pages 10 and 11. 

16. (a) Aquatic species are more comfortable in cold water 
than warm water because amount of dissolved 
oxygen decreases with the rise in temperature 
(per unit area) їп accordance with Henrys law. 
Hence species do not get sufficient oxygen. 

(b) At higher altitude people suffer from anoxia 
because at higher altitudes, the partial pressure 
of oxygen is less than that at ground level. This 
leads to low concentration of oxygen in the 
blood and tissues of people. 

17. (i) As cyclohexane and n-octane both are 
non-polar. Hence, they will mix completely in 
all proportions. 

(ii) KCl is an ionic compound while r-octane is 
non-polar. Hence, KCl will not dissolve in 
п-осіапе. 

(iii) CH,OH and CH,CN both are polar but CH,CN 
is less polar than CH,OH. As the solvent 
(n-octane) is non-polar, CH,CN will dissolve 
more than СН ОН in n-octane. 

Therefore, the order of solubility will be 
KCl < CH,OH < CH,CN < cyclohexane 
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18. Henry's law Refer to text on page 10. 

Efi fect of temperature Solubility of gases decreases with 
increase in temperature. 

19. Refer to text on page 11. 

20. (i) Phenol Partially soluble (Reason: Phenol has polar 

5 ОН group and non-polar — C,H, group). 

(ii) Toluene Insoluble (Reason: Toluene is non-polar, 
water is polar.) 

(iii) Formic acid Highly soluble (Reason: Hydrogen 
bonding). 

(iv) Ethylene glycol Highly soluble (Reason: Hydrogen 
bonding). 

(v) Chloroform Insoluble (Reason: H-bonds are formed 
although polarity is present). 

(vi) Pentanol Partially soluble (Reason: — OH group is 
polar but long hydrocarbon part is non-polar). 

(i) Since, both are non-polar. Hence, intermolecular 
interactions between them are London dispersion 
forces. 

(ii) Same as (i). 

(iii) Since, NaClO, gives Na* and CIO; ions in the solution 
while water is a polar molecule. Hence, intermolecular 
interactions between them will be ion-dipole interactions. 

(iv) As both are polar molecules. Hence, intermolecular 
interactions between them will be dipole-dipole 
interactions. 

(v) Same as (iv). 

(vi) Both are polar, they form H-bonds with each other. 
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Given that, total pressure of air in equilibrium with water 


= 10 atm 
As air contains 20% oxygen and 79% nitrogen by volume. 


2. Partial pressure of oxygen 
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(ро,)= 2х 10 atm = 2 аіт = 2x 760 mm = 1520 mm 
1 


Partial pressure of nitrogen, (рм,)= = x 10 atm 
= 7.9 atm= 7.9 x 760 mm = 6004 mm 
Given that, K,,(O,) = 3.30x 10’ mm, 
К (N,)= 6.51х 107 mm 


According to Henry's law, 
Po, = Ku X Xo, 


3 1520 mm т 
ог xo," 295 = DET = 61x 10° 
* Ky 330x10 mm 
Pu, = Ku X Хм, 
or mn PELLI mM — = 922x 107 
: Ky 6.51х 10° mm 


23. According to Henry’s law, 
тер => 
656x 10? g=Kx 1bar 
K =6.56х 10” g bar" 
Again, when т? = 5.00 x 107 gp =? 


m= Kp 


1 


Solutions 


m'=Kx p’ 
500х 10 g= 6.56 10° g bar"! x p' 
‚_5.00х 107 
"656x107 e 
24. Refer to text on pages 9 and 10. 


25. 


To calculate the mass of CO, dissolved, calculate the mole 
fraction of CO, by using Henry's law, 


x p 
p=K,xx or Х = — 
Ky 


Then, calculate the number of moles and finally the mass. 
Stepl Calculation of number of moles of CO, 
According to Henry's law, 


Mole fraction of CO, (xo, ) _ Partial pressure of CO, 
? Ky for CO, 


1 atm) 
Ky = 1.67x 10° Pa ELLA 1.67х 10° P 
(101325 Pa) © ‘ a) 
= 1.648x 10? atm 
2.5 atm -3 
Xco, *——————,— — = 1.52x 10 
(1.648x 10° atm) 
500 
hijo = — 9008) = 27.78 mol 
(18g mol) 
_ Nco, _ "co, _ "со, 
Хсо, Е 


Neco, + Пн,о 1н,о - (27.78 mol) 


| TOPIC 3| 
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nco, = Xco, X (27.78 mol) 
= (L52x 107°)х (27.78 mol) = 0.0422 mol 
Note rro, Is considered negligible due to its low solubility in water. 
Step П Calculation of mass of dissolved CO, in water 
Mass of CO, = Number of moles of CO, x 
| Molar mass of CO, 
= (0.0422 mol) x (44 g mol!) = 1.857 g 
26. (i) According to Henry’s law, p = Ky -X 
So, mm EL, 4 
Кн 427x 10 
or the mole fraction of methane in benzene is 1.78x 10°. 
(ii) Molar mass of Ba(OH), -8H,O =137 + 2x17 + 8x18 
| = 315 g mol! 
-. 100 g water has 5.6 g of Ba(OH), -8H,O 
7. 1000 р water will have Ba(OH), -8H,0- 56 g 
Number of moles of 


Ba(OH), 8H0- 5 = 0.178 mol 


= 1.78x 10° 


Thus, molality of Ba(OH), = 0.178 m 
Ba(OH), —9 Ва?*+ 20H™ 
Molality of ОНГ ions = 2x molality: of Ba(OH), 
= 2х 0.178 = 0.356 m 
(iii) Refer to text on page 11 and 12. 


Vapour Pressure of Liquid Solutions 


VAPOUR PRESSURE 


The pressure exerted by the vapours above the liquid 
surface in equilibrium with the liquid at a given 
temperature is called vapour pressure. 


In simple terms, the pressure exerted by the vapour 
molecules on the surface of liquid in a jar at equilibrium 
is known as vapour pressure. 


Vapour pressure is affected by the nature and 
temperature of the liquid. Weaker the intermolecular 
forces, greater is the amount of vapours because more 
molecules can leave the liquid and come into vapour 
phase. 


Similarly, when the temperature is raised, the vapour 
pressure will also increase. 


This is because with increase in temperature, kinetic energy 
of the molecules increases and hence, more molecules leave 
the surface of liquid and change into the vapour phase. 


Vapour pressure of a liquic/gas 
Liquid solutions are formed when solvent is a liquid. 
The solute can be a gas, a liquid or a solid. In the solutions 
of liquids and solids in a liquid, generally, the liquid solvent 
is volatile. The solute may or may not be volatile. 


The solutions containing two components are: 


(i) liquids in liquids | (ii) solids in liquids 
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Vapour Pressureof 
Ligquid-Liquid’Sulations 
In a binary solution of two. volatile liquids in a closed 
vessel, both the components get evaporated and finally a 
stare of equilibrium is established between the vapour and 
liquid phase. The total vapour pressure in this case, is.equal 
to the sum of the partial pressures of each of the-two ,, ...- 
components (according to Dalton's law of partial pressure). 
These partial pressures are related to the mole fractions of 
the two components. . 2h ws 

. - Eo DH 
Relation between partial pressures and mole fraction was 
further explained by Raoult, which is discussed below : 


Raoult's Law | 
The French chemist, Francois Marte Raoult (1886) gave a 
quantitative relationship between the partial pressures and 
the mole fractions of two components. This relationship is 
known as Raoult’s law Thus, Raoult’s law states that “at a 
given temperature, for a solution of volatile liquids, the partial 
vapour pressure of each component of the solution is directly 
proportional to its mole fraction present in solution”. 

Let us consider that two volatile liquids 1 and 2 have mole 
fractions as x, and x, , respectively. If p, and p; are the vapour 
pressures of these components in the solution, respectively, at 
same temperature then according to Raoult’s law, 


For component 1, p, =X; OF ру = Pi Xr a) 
Similarly, for component 2, р; = р?Х: © М 


According to Dalton's law of partial pressure, the total 
pressure (P wul) over the solution phase in the container 
will be sum of the partial pressures of the components of 


the solution and is given as 


3 


pA 


P ioul = pi tp; | 
$о, Protal = Pi Xi + Р2Х2 
As we know, X%;+%2 =1 or X171-X» 
Then, p= Pi (l- 2) + Р2Х2 


[p= ә + 05 - Pr) 1) 
From this equation, following conclusions can be drawn: 
(1) The total vapour pressure over the solution can be ~ 
related to the mole fraction of any one component. 
(ii) Total vapour pressure over the solution varies linearly 
with the mole fraction of component 2. | 


(iii) The total vapour pressure over the solution increases or 
decreases with increase in mole fraction of component 


1, depending upon the vapour pressures of the pure 
components 1 and 2. 
Graphical Representation of Raoult’s Law 
A plot of p, and p, versus the mole fractions x , and x, fora 
solution gives a linear plot as shown in the given figure. 


from the plot that р, and p, are directly proportional to 
Хі and X3, respectively.) These lines (I and II) pass 
through the points for which X, and X ; are equal to 
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X:*1 Molofraction — X, =0 
X, =0 о — Mat 
Plot of vapour pressure and mole fraction of an ideal 
solution at constant temperature 


In the above figure, the dashed lines I and II represent 
the partial pressure of the components. (It can be seen 


unity. The total vapour pressure is given by line marked 
III in the figure. 
The plot (line III) of р versus X is a straight line as 
shown in figure. 
Assuming that рү < p3 i.e. component 1 is less volatile 
than component 2, then the minimum value of Poul is 
pi and the maximum value is p3. 
The composition of vapour phase in equilibrium with 
the solution can be determined by the partial pressures of 
the components. If y, and y; are the mole fractions of 
the components 1 and 2 respectively in the vapour phase 
then, using Dalton's law of partial pressure; 

Ру = уу Роа 

Р2 = Уро 
In general, for a solution containing a number of volatile | 
components (liquids), for any component 2, 


Di = Ji^ Poa 


Raoult's Law as a Special Case 
of Henry's Law 
According to Raoult's law, the vapour pressure of a 
volatile component in a given solution is given by 
piTXib 
If in the solution of a gas in a liquid, the volatile 
component exists as a gas then, according to Henry's 
law, p = Кух, i.e. partial pressure of the volatile 
component (gas) is directly proportional to the mole 
fraction of that component (gas) in the solution. 
Therefore, Raoult's and Henry's laws become identical 
except that their proportionality constants (K,,-Henry's | 
constant and Р? constant for Raoult's law) are different. 
Therefore, Raoult’s law becomes a special case of Henry $ 
law in which Kj, becomes equal to p? . 


АП it 


Solutions 


EXAMPLE |1| The vapour pressure of ethyl alcohol at 
298 K is 20 mm of Hg. Its mole fraction in a solution with 
methyl alcohol is 0.40. What is its vapour pressure in 
solution if the mixture obeys Raoult's law? 
Sol According to Raoult's law, 
Pa = ра XA 
Vapour pressure of pure ethyl alcohol 
(p? ) = 20 mm of Hg 
Mole fraction of ethyl alcohol (x ,) = 040 


Vapour pressure of ethyl alcohol in solution 
(рд) = 20х040= 8 mm of Hg 


EXAMPLE |2| The vapour pressures of pure liquids A 

and B are 450 and 700 mm of Hg at 350 К, respectively. Find 
out the composition of the liquid mixture, if total vapour 
pressure is 600 mm of Hg. Also, find the composition of the 
vapour phase. i NCERT Intext 


Sol. Given, рд = 450 mm of Hg, рв 700 mm of Hg 
Ры = 600 mm of Hg 
According to Raoult’s law, 


Pa=XaX PS 
Рв = Хв X рв =(1- XA) Рв 
Рош = Рл + Рв = ХАРА * (0 — XA) Рв 


= рв * (P4 — рв) Ха 
On substituting the values, we get 
600 = 700 + (450 — 700) x , 

or 250%, =100 

100 
or Xa = eem = 0.40 
Thus, composition of the liquid mixture will be 
Mole fraction of A(x 4) = 040 
Mole fraction of B(X% в) = 1— 0.40= 0.60 


Pa = XA ХРА ; 
= 0.40х 450 mm of Hg= 180 mm of Hg 
Рв = Хв X Рв 


= 0.60х 700 mm of Hg= 420 mm of Hg 
Thus, in vapour phase, mole fraction of 
T DA E 180 
Pat Pp 180 + 420 


Mole fraction of B = 1 — 0.30 = 0.70 


= 0.30 


Vapour Pressure of Solutions 
of Solids in Liquids 


When solids like sodium chloride, glucose, urea are 
dissolved in liquids, solutions of solids in liquids are 
obtained. Some physical properties of these solutions are 
quite different from those of pure solvents. 


I7 


If a non-volatile solute is added to a solvent to form a 
solution, the vapour pressure of the solution depends only 
upon the solvent. This vapour pressure of the solution at 
the given temperature is found to be lower than the vapour 
pressure of the pure solvent at the same temperature. This 
decrease in vapour pressure occurs because in solid-liquid 
solution, the surface has both solute and solvent molecules; 
thereby the fraction of the surface covered by the solvent 
molecules gets reduced. 

Consequently, the number of solvent molecules escaping 
from the surface is correspondingly reduced, thus, the 
vapour pressure is also reduced. 


210:0:0:0: 


1 mole of 
solvent 
1 mole of solute 


Pure solvent 


ө Solvent Solute 
(a) (b) 
Decrease in the vapour pressure of the solvent on account of 
the presence of solute in the solvent. (a) evaporation of the 
molecules of the solvent (denoted by dark dots) fram its 
surface. (b) in a solution, solute particles (denoted by light 
dots) also occupy part of the surface area. 


The decrease in the vapour pressure of solvent depends 
on the amount of non-volatile solute present in the 
solution, irrespective of its nature. 

e.g. If we add 1 mole of sucrose to 1 kg of water and 

1 mole of urea to the same quantity of water in another 
container at the same temperature, the decrease in vapour 
pressure of water is nearly similar to that produced by 
adding 1.0 mole of urea to the same quantity of water at 
the same temperature. 

Raoult’s law in its general form can be stated as, for any 
solution, the partial vapour pressure of each volatile 
component in the solution is directly proportional to 
its mole fraction. 


Raoult's Law for Liquid Solutions 
Containing Non-volatile Solutes (Solid in 
Liquid Solution) 

In a binary solution (when the solute is non-volatile and 
non-electrolyte), only the solvent molecules are present 
in the vapour phase and contribute to vapour pressure. 
Let p, be the vapour pressure of the solvent, X, be 

its mole fraction and ру} Бе its vapour pressure in the 
pure state. 


Then, according to Raoult's law, 


Ру * Xi and p, =X, pr 
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The proportionality constant is equal to the vapour 
pressure of pure solvent, рр . 


Vapour pressure 
of pure solvent 


о Vapour pressure ——, 


1 
Mole fraction of solvent 
Xsolvert ——— 


A plot between the vapour pressure 
and mole fraction of the solvent 
From the graph, it can concluded that If a solution 
obeys Raoult’s law at all concentrations, then its vapour 
pressure would vary linearly from zero to the vapour 
pressure of the pure solvent. п 


IDEAL AND 
NON-IDEAL SOLUTIONS 


Liquid-liquid solutions can be divided into ideal and 
non-ideal solutions on the basis of Raoult’s law. 


Ideal Solutions 

The solutions which obey Raoult’s law over the entire 
range of concentration are known as ideal solutions. 
The characteristic properties of these solutions are : 

(i) The enthalpy of mixing the pure components to 

form the solution is zero, i.e. A „Н =0. 

(ii) The volume of mixing is also zero, i.e. A mi V — 0. 
The above two properties mean that no heat is 
absorbed or evolved when the components are mixed. 
Also the volume of the solution is equal to the sum of 
volumes of the two components. 


Explanation of Ideal Behaviour 
At the molecular level, an ideal behaviour of solutions 
can be explained by considering the binary solution of 
components A and В in which the intermolecular: 
interactions A—B are of the same magnitude as the 
intermolecular interactions found in the pure 
components, i.e. A—A interactions and B—B 
interactions. If such interactions occur the solution is 
said to be ideal. Practically, no solution is ideal but some 
solutions are ncarly ideal in behaviour under certain 
conditions. 
Examples of this type of solutions are : 
(i) n-hexane + n-heptane 
(ii) Bromoethane + chloroethane 
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(iii) Benzene + toluene 
(iv) Chlorobenzene + bromobenzene 


Non-Ideal Solutions 


When a solution does not obey Raoult’s law over the entire 
range of concentration, it is called non-ideal solution. 
The characteristic properties of such solutions are : 

(i) The enthalpy of mixing of pure components to form the 
solution is not zero. It may have a positive or negative 
value. і.е. АБН #0 

(ii) The volume of mixing is also not zero. Volume may 

increase or decrease after mixing. і.е. A mix V #0. 

The vapour pressures of these solutions are either higher or - 
lower than that predicted by Raoult's law. 
If it is higher, then the solution exhibits positive deviation and if ` 
it is lower, then it exhibits negative deviation from Raoult’s law. 
The plots of vapour pressure as a function of mole fractions 
for such solutions are shown in the figures given below : 


Vapour pressure of solution Vapour pressure of solution . 


Vapour pressure 
— 
Vapour pressure 


Mole fraction 
xi = 1 X= 0 х. = 1 


Mole fraction 


h = 1 a? x X270 


X2 = 0 
< Xo 
(8) (b) 


The vapour pressures of two component systems as a | 
function of composition (а) a solution that shows positive 
deviation from Raoult's law and (b) a solution that shows 
negative deviation from Raoult's law 


Explanation of Non-ideal Behaviour 

In case of positive deviation from Raoult’s law, 
intermolecular interactions, i.e. A — В interactions аге 
weaker than those between A—A or B— B, i.e. in this 
case, the intermolecular attractive forces between the solute 
and solvent molecules are weaker than those between 
solute-solute and solvent-solvent molecules. | 
This means that molecules of A (ог В) will find it easier to 
escape than being in liquid state. This increases the vapour 
pressure and gives a positive deviation [Fig. (a)]. This 
deviation is shown by ethanol and acetone solution. In p 
ethanol, molecules are hydrogen bonded. 

On adding acetone, the hydrogen bonds break. Due to 
weakening of interactions, the solution shows positive ag 
deviation. 


f 


ше 


Dew I--—— 


Solutions 


Other examples of this type of solutions are : 
(i) Carbon disulphide + acetone 
(ii) Ethanol + cyclohexane 
(iii) Acetone + benzene 
In case of negative deviation from Raoult’s law; 
intermolecular interactions, i.e. A—B interactions are 
stronger than those between A—A or B—B. 
This decreases the escaping tendency of molecules of A 
or B component and consequently, the vapour pressure 
decreases resulting in negative deviation from 
Raoult’s law [Fig. (b)]. 2k: 
A mixture of chloroform and acetone forms a solution 
with negative deviation from Raoult’s law. This is because 
chloroform molecule is able to form hydrogen bond with 
acetone molecule as shown below. | 
H,C M d 
бс=о..-Нн—с ca 
HC i H-bond е, 


Other examples of this type of solutions are: 
(i) Chloroform +diethyl ether 
(ii) Phenol + aniline 
(iii) Water + nitric acid 
Difference between solutions having positive deviation 
from ideal behaviour and the solutions having negative 


deviation from ideal behaviour are given in the table below: 


Solutions having positive Solutions having negative 
deviation from ideal deviation from ideal 
behaviour behaviour 


The intermolecular 
interactions, i.e. A — B 
interactions are stronger 
than in pure components, 
i.e. between A — Aor 

B — B. 


The intermolecular 
interactions, i.e. A — В 
interactions are weaker than 
in pure components, i.e. 
between А— A or B— B. 


р, > Pixs and p > px D, < pix, and p» < ру; 


Aq, H = negative 
(exothermic) 


AmixH = positive 
(endothermic) 


Amix¥ = positive Amix V = negative 


Heating increases solubility. | Heating decreases solubility, 


Depending upon the extent of deviation from Raoult's 
law, a new category of binary mixtures, known as 
azeotropes, is formed. It is discussed below. 


Azeotropes (Constant Boiling Mixtures) 


The binary mixtures (liquid mixtures) having the same 
composition in liquid and vapour phase and that boil at 
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constant temperature are called azeotropic mixtures ог 
azeotropes. 


\ 


In such cases, it is not possible to separate the components 
by fractional distillation. There are two types of azeotropes 
called minimum boiling azeotropes and maximum boiling 
azeotropes. The azeotropes distil over as if they are pure 
liquids. 

Minimum Boiling Azeotropes 

The solutions which show a large positive deviation from 
Raoult’s law form minimum boiling azeotropes at specific 
compositions. For one of the intermediate composition, the 
total vapour pressure of such a solution will be the highest 
and boiling point will be the lowest. 


e.g. Ethanol-water mixture on fractional distillation gives a 
solution containing approximately 9596 by volume of 


ethanol. After achieving this composition, no further 
‘separation occurs as the liquid and vapour have the same 


composition. 

Maximum Boiling Azeotropes 

The solutions which show a large negative deviation from 
Raoult’s law form maximum boiling azeotropes at specific 


compositions. As the total vapour pressure becomes less 
than the corresponding ideal solution of same composition. 


So, the boiling points of such solutions are increased. e.g. 
Azeotrope formed from nitric acid and water has the 
approximate composition of 68% nitric acid and 32% 
water by mass, with a boiling point of 393.5 K. 


‚ Difference between ideal and non-ideal solutions 


at all temperature and 


concentrations. and negative deviations from 


i.e. Pa = оҳ and рв = рђъХв Raoult's law, 
ie. p, * PR x4 and 
Dg * PX Хв 

On mixing, there is no enthalpy On mixing, there is an enthalpy 
change. change 

A mix H = 0 A mix H * 0 
On mixing, there is also no change in On mixing, there is a change in 
volume. volume as well. 

A mix V = 0 Amix V #0 


Interactions between components Interactions between components 
are similar to those In pure are different from those of pure 
components. components. 
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OBJECTIVE Type Questions 


When 1 mole of benzene is mixed with 1 mole of 
toluene. The vapour will contain (Given: 
vapour of benzene = 12.8 kPa and vapour 
pressure of toluene = 3.85 kPa). | CBSE SQP 2021 
(a) equal amount of benzene and toluene as it forms an 
ideal solution 
(b) unequal amount of benzene and toluene as it forms a 
non-ideal solution 
(c) higher percentage of benzene 
(d) higher percentage of toluene 
Pa and pg are the vapour pressure of pure 


liquid components A and B respectively of an 
ideal binary solution. If x represents the mole 
fraction of component A, the total pressure of 
the solution will be 

(a) рл * x4 (рв — Pa) (b) pa * x4 (PAz«Pg) 
(c) Pp * x4 (pp Ра) (d) pp * x4 (Pa Рв) 


Vapour pressure of pure Ais 70 mm of Hg at 
25°C. It forms an ideal solution with ‘В’ in which 
mole fraction of Ais 0.8. If the vapour pressure 
of the solution is 84 mm of Hg at 25°C, the 
vapour pressure of pure B at 25°C is 

(а) 56 шт (Ь) 70 тт 

(с) 140 mm (9) 28 mm 


At 40°C, the vapour pressure of pure liquids, 
benzene and toluene, are 160 mmHg and 

60 mmHg respectively. At the same 
temperature, the vapour pressure of an 
equimolar solution of the two liquids, assuming 
the ideal solution should be 

(a) 140 mmHg 

(b) 110 mmHg 

(c) 220 mmHg 

(d) 100 mmHg 

Which one of the following pairs will not form 
an ideal solution? CBSE 2021 (Term I) 


(a) Benzene and toluene 

(b) n-hexane and n-heptane 

(c) Ethanol and acetone 

(d) Bromoethane and chloroethane 


Solution of bromoethane and chloroethane 
(a) obeys Raoult's law over the entire range of 
concentration 
(b) is a non-ideal solution 
(c) has A mV #0 
(d) All of the above 


7. 


10. 


On the basis of information given below mark the 
correct option. 
Information 
(i) In bromoethane and chloroethane mixture 
intermolecular interactions of А-А and B-B 
type are nearly same as A-B type interactions, 
(ii) In ethanol and acetone mixture A-A or B-B 
type intermolecular interactions are stronger 
than A-B type interactions. 
(iii) In chloroform and acetone mixture А-А or 
B-B type intermolecular interactions are 
weaker than A-B type interactions. 


(a) Solution (ii) and (iii) will follow Raoult's law 

(b) Solution (i) will follow Raoult's law 

(c) Solution (ii) will show negative deviation from Raoult's 
law 

(d) Solution (iii) will show positive deviation from Raoult's 
law ' 


Which of the following azeotropic solutions has 
the boiling point less than the boiling point of its 
constituents molecules? All India 2020 
(a) CHCl, and CH,COCH, 

(b) CS, and CH,COCH, 

(c) CH,CH,OH and CH,COCH, 

(d) CH,CHO and CS, ' 

An azeotropic solution of two liquids has a 


boiling point higher than either of the two when 
it CBSE 2021 (Term I) 


(a) shows a negative deviation from Raoult’s law 
(b) shows a positive deviation from Raoult’s law 


(c) is saturated 
(d) shows no deviation from Raoult’s law 


Which of the following statements is/are true for 
the diagram? 


Vapour pressure 
of solution 


799 
SS 
эы. 


Vapour pressure ——> 


(a) The escaping tendency of molecule decreases for each 


component "s 
(b) Vapour pressure of the solution decreases 
(c) Solution shows negative deviation from Raoult's law 


(d) All of the above 


Solutions 


VERY SHORT ANSWER Type Questions 


11. What role does the molecular interaction play in 
solution of alcohol and water? NCERT 


12. How is the vapour pressure of a solvent affected 
when a non-volatile solute is dissolved in it? 
Delhi 2014 C 


13. Define Raoult's law in its general form in reference 
to solutions. Delhi2011; All India 2011; Foreign 2011 


Or State 'Raoult's law' for a solution of volatile 
liquids. Delhi 2020, 2010 C; Foreign 2009 C 


14. Ifthe vapour pressure of C,H;OH at 298 K is 


40 mm of Hg. Its mole fraction in a solution with 
CH,OH is 0.8. What will be its vapour pressure in 
solution, if it obeys Raoult's law? 


15. When water and nitric acid are mixed together, a 
rise in temperature is observed. What type of 
azeotropic mixture is obtained? 


SHORT ANSWER Type I Questions 


16. Whyisthe vapour pressure of a solution of 
glucose in water lower than that of water? 
NCERT Exemplar 
Or Ifatable spoon of sugar is added to water, then 
what happens to vapour pressure of water? 


17. What is the similarity between Raoult's and 
Henry's laws? .. Delhi 2020, All India 2014 


18. Define the following 
(i) Ideal solution 
All India 2014, 2013, 2012; Delhi 2010 C 
(ii) Molarity (M) Delhi 2017 
19. (i) Gas(A)is more soluble in water than gas (B) at 
the same temperature. Which one of the two 
gases will have the higher value of Ky (Henry's 
constant) and why? 
(ii) In non-ideal solution, what type of deviation 
shows the formation of maximum boiling 
azeotropes? All India 2016 


20. What type of deviation is shown by a mixture of 
ethanol and acetone? Give reason. Delhi 2014 


21. On mixing liquid X and liquid Y, volume of the 
resulting solution decreases. What type of 
deviation from Raoult's law is shown by the 
resulting solution? What change in 
temperature would you observe after mixing 
liquids X and Y? All India 2015 


oie 
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22. Define azeotropes. What type of azeotrope is | 
formed by the positive deviation from Raoult’s 
law? Give an example. . 

All India 2014, 2013; Delhi 2015 


23. What type of azeotropic mixture will be 
formed by a solution of acetone and 
chloroform? Justify on the basis of strength of 
intermolecular interactions that develop in the 
, solution. All India 2019 


SHORT ANSWER Type II Questions 


24. 100 g of liquid A (molar mass 140 р mol!) was 
dissolved in 1000 g of liquid B (molar mass 
180 g mol). The vapour pressure of pure 
liquid B was found to be 500 torr. 


Calculate the vapour pressure of pure liquid A 
and its vapour pressure in the solution, if the 
total vapour pressure of the solution is 475 

torr. NCERT 


25. ‘Benzene and toluene form ideal solution over 
the entire range of composition. The vapour 
pressures of pure benzene and toluene at 300 
K are 50.71 mm of Hg and 32.06 mm of Hg, 
respectively. Calculate the mole fraction of 
benzene in the vapour phase, if 80 g of 
benzene is mixed with 100 g of toluene. NCERT 


26. At25°C the vapour pressures of benzene 
(C,H,) and toluene (С;Н,) are 93.4 torr and 
26.9 torr, respectively. A solution is made by 
mixing 35.0 g of benzene and 65.0 g of toluene. 
At what applied pressure, in torr, will this 
solution boil at 25°C ? 


27. At some temperature, the vapour pressure of 
pure C,H, is 0.256 bar and that of pure 
C,H,CH, (toluene) is 0.0925 bar. If the mole 
fraction of toluene in solution is 0.6. Then, 

(i) what will be the total pressure of the 
solution? 
(ii) what will be the mole fraction of each 
component in vapour phase? 


LONG ANSWER Type Questions 


28. What is meant by positive and negative 
deviations from Raoult's law and how is the 
sign of A,..H related to positive and negative 
deviations from Raoult's law? NCERT 


29. (i) Two liquids A and B boil at 155°C and 190'C 
respectively. Which of them has a higher 
vapour pressure at 80'C? 


Кә 
MJ 


(ii) Heptane and octane form ideal solution. At 
373 K, the vapour pressures of the two liquid 
components ate 105.2 kPa and 46.8 kPa, 
respectively. What will be the vapour 
pressure of a mixture of 26.0 g of heptane 
and 35.0 g of octane? NCERT 


(üi) The vapour pressure of water is 12.3 kPa at 
300 K. Calculate the vapour pressure of one 
molal solution of non-volatile, non-ionic 
solute in water. NCERT 


30. Vapour pressure of pure acetone and 
chloroform at 328 K are 741.8 mm of Hg and 
632.8 mm of Hg, respectively. Assuming that 
they form ideal solution over the entire range of 
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composition, plot Ptotal’ Pchloroform and Pacetone aS a 
function of x | tone: The experimental data observed 


for different compositions of mixture is 


100 x Xecetona 11.8 | 23.4 | 36.0 | 508 | 582 | 645 | ур, 
Pacetone/Mm 54.9 |110.1|202.4|322.7| 405.9| 454.1|50, 
of Hg 1 


' Prrtorotorm! mm 


193.6| 161. 
of Hg 61.211207 


Plot this data also on the same graph paper. Indicate 
whether it has positive deviation or negative deviation 
from the ideal solution. 


NCERT 


| HINTS AND EXPLANATIONS | 


1. (c) When 1 mole of benzene is mixed with 1 mole of 
toluene. The vapours will contain higher percentage of 
benzene. Vapour pressure of benzene is greater than 
vapour pressure of toluene. So, the vapours above the 
solution majorly consist of benzene vapours. 

2. (а) Total pressure, p; =p‘, + p's ...(i) 

We know that p', = p,x, and p's = pgXg 
Substituting the values of p, and p' in Eq. (i) 
Рт =РАХА + РвХв ~ -(ii) 
[x4 + xg 212» x4 =1- xg Or xg -1- x4] 
From Eq. (ii) 
Рт =PaXat pa(1-x4A) = DAXA + Рв—РвХА 
Рт =Рв+хА(Рл Рв) 
3. (с) Given, p°, =70 mm Hg 
x4 =08 
5 хь =(1—08) = 0.2and p 284 mmHg 
According to Raoult's law, 
PEPA хл * p Xp 
84 =08x 70 0.2x p® 
ў 28 
° = —— =140 mm Hg 
АТ: 


4. (b) For ideal solution, pu 7p, ^x, + р;°х, 


=160х 1 +60х Ы 
2 2 


=110ттНр 


5. (c) Ethanol and acetone solution will not form an 
ideal solution and shows positive deviation from 
Raoult’s law. 
6. (a) Bromoethane and chloroethane form ideal solution 
and thus obeys Raoult’s law over the entire range of 
concentration. 


7. (b) For an ideal solution, the A—A or B—B type 
intermolecular interaction is nearby equal to A—B type 
interaction. Here, a mixture of bromoethane and 
chloroethane is an example of ideal solution. 

On the other hand chloroform and acetone mixture is an 
example of non-ideal solution having negative deviation : 
from Raoult's law. So, (A—A) or (B—B) interaction must 
be stronger than A—B interaction. While 
ethanol-acetone mixture shows positive deviation from 
Raoult's due to weaker A—B interaction in comparison 
to A—A or A—B interaction. 

8. (c) When the new interaction is weaker than those in 
the pure constituents, the boiling point of the resultant 
solution is less than that of the constituents. Such 
condition is found in case of non-ideal solution showing 
positive deviation from Raoult's law. Among the given 
solutions, mixture of CH,CH,OH and CH,COCH, is 
non-ideal and show positive deviation. Hence, it has 
lesser boiling point or higher vapour pressure, than its 
constituents. 

9. (a) Because of strong interactions between two liquids, 
the azeotropic solution is higher than either of the two. 
Hence, it shows a negative deviation from Raoult's law. 


10. (d) Figure suggests that escaping tendency of molecules 
for each component decreases and consequently the 
vapour pressure decreases resulting in the negative 
deviation from Raoult's law, 

11. There is strong hydrogen bonding in alcohol molecules 
as well as water molecules. On mixing these solutions, 
the molecular interactions are weakened. Hence, they 
show positive deviations from ideal behaviour. 
Therefore, the solution will have higher vapour pressure 
and lower boiling point than that of water and alcohol. 


12. When a non-volatile solute is added to a solvent, its 
vapour pressure decreases because some of the surface 


Solutions 23 


sites are occupied by solute molecules. Thus, less space 22. Refer to text on pages 19. 
is available for the solvent molecule i ; 
E ин i и кеше to Nap otise 23. The mixture of acetone and chloroform is an example of 
13. Raoult’s law states that at a given temperature, for a maximum boiling azeotrope. It shows negative deviation 
solution of volatile liquids, the partial vapour pressure from Raoult’s law because of increase in intermolecular 
of each и ides solution is directly forces of attraction between acetone and chloroform, 
proportional to its mole fraction present in solution. since they form hydrogen bonds between them. 
14. рен; on = 32mm of Hg Refer to example 1 on page 17. 24. Number of moles of liquid A (solute) 
15. When water and nitric acid are mixed together, a rise __ 100g 5 mol 
in temperature is observed. It shows a negative ETT gmol' 7 
deviation from Raoult's law. Therefore, there occur a 1000 50 
minimum in vapour pressure versus mole fraction Number of moles of liquid B =—— 5 =— mol 
graph and maximum in boiling point versus mole 180gmol 9 
fraction graph of the solution. Hence, solution of nitric «Mole fraction of A in the solution (x, ) 
acid and water forms a maximum boiling azeotrope. a 
_ SY. SI? 5.69.49 
16. Inthe solution, the surface has both solute and solvent -5/1450/9 395/63 7 395 395 _ 
molecules, so the fraction of the surface covered by , . . 
solvent molecules gets reduced. Thus, the number of ~ Mole fraction of B in the solution (Хв) 
solvent molecules escaping from the surface is reduced, =1-0.114= 0.886 
resulting in lowering the vapour pressure. Also, given ^ pj = 500 torr 
So, the vapour pressure of the solution of glucose in : T : : 
water is lower than that of pure water. ‘According to Raoult's law, ~ 
17. Similarity between Raoult’s and Henry’s laws both the Pa =KaPa =0.114x pj (i) 
laws are applied to volatile component in solution. Pa =Хьр% = 0.886 500 = 443 torr 
Both the laws state that the vapour pressure of one 
component is proportional to the mole fraction of that Рош 7 PA + Рв 
component. ог 475 = 0.114 p% + 443 
18. (i) The solutions which obey Raoult's law over the o 455-443 _ 
entire range of concentration are known as ideal T Pa = 014 — si laa 
solutions. Refer to text on page 18. "T | А : 
Substituting the value of p? in Eq. (i), w 
(ii) Molarity is defined as the number of moles of solute ubstifuung the vulue sepe, an Eg Qi we get 
dissolved in one litre or one cubic decimetre of the рд = 0.114х 280.7 torr = 32 torr 
Aum * Moles of solüte 25. Molar mass of benzene (C,H,)=78 g mol! 
Volume of solution in litre Molar mass of toluene (C,H,) = 92 g mol! 
e.g. 0.25 mol L`" (or 0.25 M) solution of NaOH means nca, (number of moles of benzene) 
that 0.25 mole of NaOH has been dissolved in one 80g 
litre (or one cubic decimetre). "out" 1.026 mol 
n 
19. Solubility is inversely proportional to Ky, i.e. Henry’s 8 mo 
constant of the gas. nc. ji, (number of E of toluene) 
(i) Greater the value of Ky, lower is the solubility of the c. = 1.087 mol 
gas. As gas (A) is more soluble in water than gas (B) 92 g mol 
at the same temperature, hence the gas (A) has lower Moléfrastion cf benzene 
value of К. In other words, gas (B) has higher value 1.026 mol 
of K,, than gas (A) at the same temperature, Хен а 0.486 
(ii) In non-ideal solutions, the solutions that show (1.026 + 1.087) mol 
large negative deviation from Raoult's law form Mole fraction of toluene 
maximum boiling azeotropes. e.g. Mixture of nitric on =1—0.486= 0.51‹ 
acid and water. Хст, ` Mi^ 
20. A mixture of ethanol and acetone shows positive Applying Raoult's law, 
deviation because in this case, A— B interactions are Partial vapour pressure of benzene in solution 
weaker than A— A and B— B interactions. Due to this, А 
vapour pressure increases which results in positive Pett = Peu X Xeon, 
devia | = (50.71 mm of Hg)x (0.486) 
21. Hint It is an example of negative deviation. Since, - 24.65 mm of Hg 


A mix V is negative hence A „ix H is also negative and 


temperature rises. Refer to text on page 18. Partial vapour pressure of toluene in solution 


24- 


Рс-н, = Рен, X Хс;н, = 3206 mm of Hg x 0.514 


= 16.48 mm of Hg 
Total vapour pressure of solution 
р = 24.65 mm of Hg * 16.48 mm of Hg 
= 41.13 mm of Hg 
Mole fraction of benzene in vapour phase 
_0.486х 50.71 _ 
(043 ——— 


x o 
_ Хсенв X Pea, 06 


Proral 
26. This solution of benzene and toluene will boil at 25°C 


when the pressure above the solution is equal to the 
sum of the vapour pressures of benzene and toluene in 


the solution. 
Partial vapour pressure of benzene, peu, = 93.4 torr 
Partial vapour pressure of toluene, 
PC,uscu, = 269 torr 
Mass of C,H, = 35 р and mass of C,H,CH, =65 g 
Molar mass of C,H, = 12x 6+ 1x6 
= 724 6= 78 g mol! 
Therefore, the number of moles of C,H,, 


35 
псн = 78 = 0.449 


Molar mass of C,H,CH, = 12x 6+ 1х5+ 12+ 1x3 
= 92 g mol’ 
Therefore, the number of moles of C,H,CH,, 


65 
пс,нусн, 7 55 7 0707 


Now, the mole fractions of C,H, and C,H,CH; are 


zs псн; 
Хсен 7 Е я 
CoHe C6H5CH3 
" 0.449 ч 0.449 = 0.388 
0.449 + 0.707 1.156 
X _ NC 6H CH = 0.707 
CoH5CH, 7 AP TERG SIS 
65099 ne HsCH, + Mog, 0707 + 0.449 
= 0.707 _ 0.612 
1.156 


Therefore, vapour pressure of C,H, and С,Н,СН, are 


Рс,н, = Р°с„н, X Хс,н, 
= 93.4x 0.388 = 36.24 torr 


Рс,нусн, 7 Р“с,н,сн, X Хс,нусн, 
= 26.9x 0.612= 16.46 torr 
Total vapour pressure of the solution, 
Pi = Pot, +Рс,н;сну 
= 36.24 416.46 = 52.7 torr 
27. (i) According to Raoult's law, 
For toluene, p, =p} XX, 
pi = 0.0925 bar 


| Allzz;0ne | CHEMISTRY Class 19th 


and xi: 79.6 
Then, p, = 0.0925 x 0.6 = 0.0555 bar 
For benzene, p; = p2X X; 
Mole fraction of benzene, 

X; =1-%, = 1-06 =0.4 
and p? = 0.256 bar 
Then, р; = 0.256 х 0.4 = 0.1024 bar 
Total vapour pressure of solution 


Роа = Pi + Рг 
= 0.0555 + 0.1024 = 0.158 bar 


(ii) Mole fraction of toluene in vapour phase 


Mole fraction of benzene in vapour phase 
рь. 02024-7 C48 


Xr uu 0-158 


28. Refer to text on pages 18 and 19. 
29. (i) Ais more volatile, therefore has higher vapour pressure. 


(ii) Given that, рр — 105.2 kPa, 
P heptane 


p? — 46.8 kPa 
octane 
Molar mass of heptane (C;H,,) = 100g mol! 
(As СУН =7 X12 +16 = 84 +16 = 100) 
Molar mass of octane (СН) 2114 g mol 
(As СУН; =8 X12 +18 = 96 +18 =114) 
Number of moles of 26.0 g heptane 
= E. = 0.26 mol 
100 g mol” 
Number of moles of 35.0 g octane 
ee 8 = = 0.31 mol 
114 g mol 


.. 0268  _ 9 456 


Xhepane G26 + 0.31 
= 1— 0.456= 0.544 


X octane 
Pheptune = 0.456 х 105.2 kPa = 47.97 kPa 
Poctane = 0.544 46.8 kPa = 25.46 kPa 


Рош = 47.97 + 25.46 = 73.43 kPa 


(iii) As solution is 1 molal, it means that 1 mole of solute is 


dissolved in 1000 g of solvent (water). 


No. of moles of solute =1 mol, p2,,, = 123 kPa 
1000 
No. of moles of water == 55.55 mol 


Total moles = 56.55 mol 


55 
Mole fraction of water ___%(solvent) ' 1,235.55 
56.55 


X1 + Xx (solution) 


P solution = P Lin x Хн,о 
55.55 
Psolution = 12-3 Х E" 12.08 kPa 


25 


Solutions 
a JGaew 5 0| 00; 0118, 0234 03600 0.508 0582 0645" 0721 
ЖОШ O 5490 101 2024 3227 4059 4541 5211 
Bass, mmofHg | 6328 548.1 4694 3597 2577 1936 1612 1207 
Pow 6328 631 5797 524 5809 6000 6159 6425 
700 
ES x 289 £ 
Е 500 те ad Ый 
ттш 
E w PNY 
B xL LL Р 
S | e eso] Peto | 


“з [TTL 


0 0.1 02 03 04 05 06 07 08 
Mole fraction of acetone (Xaceione) 


As the plot for Poa dips downwards, hence the solution shows negative deviation from Raoult’s law. 


ITOPIC 4| - 


Colligative Properties and Determination of Molar Mass 


COLLIGATIVE PROPERTIES 


The word colligative i$ originated from Latin in which 
‘co’ means together and ‘ligate’ means to bind. 
The properties of solutions which depend only on the 
number of solute particles irrespective of their nature, 
relative to the total number of particles present in the 
solution, are called colligative properties. 
There are four important colligative properties : 

(i) Relative lowering of vapour pressure 

(ii) Elevation in boiling point 

(ш) Depression in freezing point 


(iv) Osmosis and osmotic pressure 


Relative Lowering of Vapour 
Pressure 


We have studied that, on adding non-volatile solute to a 
solvent, the vapour pressure of the solution decreases. 
Lowering of vapour pressure depends only on the 
concentration of the solute particles and it is independent 
of their identity. 


Let X, is the mole fraction of solvent, X is that of 
solute, р? is the vapour pressure of pure solvent and p is 
that of solution.Since, solute is non-volatile, so the 
vapour pressure of the solution (ру) will be only due to 
the solvent. Thus, according to Raoult's law, 


== ЖӘ E = uz" 
Pr = PiX ОС PEPEK 
This, equation establishes a relation between vapour 
pressure of the solution, mole fraction and vapour - 
pressure of the solvent. 
Since, X4 is always less than 1, hence vapour pressure of 
the solution p will always be less than the vapour 


pressure of pure solvent (рү). 
So, lowering in vapour pressure of solvent is given as 


Ap, zp-bh7p-bnXnu-x) 


But Xi71-X; or X:=l-Xı 
So, Ap, = Der or X2 =A A-A 
Pi р! 


So, relative lowering in vapour pressure of an ideal 
solution containing the non-volatile solute is equal to the 
mole fraction of the solute at a given temperature. 
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In a solution containing several non-volatile solutes, the 
lowering of the vapour pressure depends on the sum of 
the mole fraction of different solutes. 


Determination of Molar Mass of Solute 


To express the lowering of vapour pressure in terms of 
molar mass, let W, , W3 are the masses and M, and M, are 
the molar masses of the solvent and solute, respectively. 
n 
As, we know that Ху = —— 

n tn, 
where, n; and л, are the number of moles of solvent and 


solute, respectively. 


Since, = ie BAL a 
me n= w W 
М, М, 

W, 


W. 
But for dilute solutions, —- «« —- 


or 


B0. "uoc Wa o 
Pi W, M; Pi n 
So, molar mass of solute can be determined by 


WM, Е 


М, = 
w, РР Р 
Ке ANY 
EXAMPLE |1| An aqueous solution of 2% non-volatile 
solute exerts a pressure of 1.004 bar at the normal boiling 


point of the solvent. What is the molar mass of the solute? 
NCERT 


Addition of non-volatile solute in a solution results in relative 
lowering of vapour pressure. For dilute solution, molar mass of 


solute can be determined by using the formula, 
м, = ИМ, 


|" =A) 
pr 


Sol. Vapour pressure of pure water at the boiling point 


(рү) = 1 atm- 1,013 bar 


Vapour pressure of solution (p) = 1.004 bar (Given) 
2% non-volatile solute means 

Mass of solute (W,) = 2g 

Mass of solution = 100 р 
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Mass of solvent(W, ) = 98 g 

Applying Raoult’s law for dilute solution, as n, (moles of 
solute) ís very small in comparison to n, (moles of solvent) | 
г. n; can be neglected from denominator. É 

Lowering in vapour pressure, 

PSP ир -m W/M, W М, 

m+n nm W/M M, W, | 
| 
| 


p 
(1013- 1004) 2g 18 mol? 
1.013 bar M, 98 g 
2х 18 1.013 = 
or M, = x —— g mol! = 41.35 g mol 
98 0.009 


Note Relative lowering in vapour pressure is a colligative property 
while vapour pressure and lowering in vapour pressure are not. 


Elevation in Boiling Point 
The boiling point ofa liquid is that temperature at which its 
vapour pressure becomes equal to the atmospheric pressure, 
Generally, the vapour pressure of liquid increases with 
increase of temperature but vapour pressure of the solvent 
decreases in the presence of non-volatile solute. 
e.g. The vapour pressure of an aqueous solution of 
sucrose is less than 1.013 bar at 373.15 K (100°C). In 
order to make this solution boil, its vapour pressure must 
be increased to 1.013 bar by raising the temperature 
above the boiling temperature of pure solvent (water). 
So, we can say that when a non-volatile solute is added to 
a solvent, the boiling point of the solution is always 
higher than that of pure solvent, e.g. a solution of 1 
mole of sucrose in 1000 g of water boils at 373.52 K at 1 
atm pressure. 
This difference in the boiling points of the solution (T;) 


and pure solvent (T; ) is called as elevation in boiling 
point (A7;). Elevation in boiling point depends on the 


number of solute molecules rather than their nature. 


Boiling point of 
solvent solution 


1.013 bar 
or 1 atm 


Vapour pressure —» 


Temperature/ K ————? 


The vapour pressure curve for solution lies below the curve for 
pure water. The figure shows that AT, denotes the elevation 
in boiling point of a solvent in solution 


The given figure depicts the variation of vapour pressure of 
the pure solvent and solution as a function of temperature. 


Solutions 


Elevation in boiling point is given by 
AT, =T, -Т, 
Experiments have shown that for dilute solution, the 


elevation in boiling point is directly proportional to the 
molal concentration of the solute in a solution (m). 


or А Т, = K,m 
where, m (molality) is the number of moles of solute 
dissolved in 1 kg of solvent and К, is the constant of 


proportionality, called molal boiling point 
elevation constant or ebullioscopic constant. The unit of 


K, is K kg mol". 

If m =1 molal 

Then, AT, = К, 

Thus, molal boiling point elevation constant, K, is 
defined as the elevation in boiling point for 1 molal 
solution, i.e. a solution containing 1 g mole of solute 
dissolved in 1000 g of the solvent. 
Determination of Molar Mass of Solute 


If W, gram of solute of molar mass M, is dissolved in 
W, gram of solvent, then molality, m of the solution is 


given as: 


Molality is) = Moles of solute (т) х 1000 


Weight of solvent (W;) (in gram) 
where, n, is the number of moles of solute. 
Moles of solute (7) = v: 
2 
W, x 1000 

"= M, xW, 
But AT, = K,m 
K, x W, x 1000 

Mx Wi 
K, xW, x 1000 

AT, xW, 
This expression is used to determine the molar mass 
of solute. 


Thus, 


So weget Д7, = 


, Therefore, М, = 


EXAMPLE |2| Boiling point of water at 750 mm of Hg 
is 99.63°C. How much sucrose is to be added to 500 g of 
water such that it boils at 100°C ? 


[K, for water is 0.52 K kg mol “| NCERT Intext 
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(i) Since, boiling point is changing, apply the formula 
for elevation in boiling point, AT, = K,- m 


Пи 


Е W, 
(ii) m= M,-W, 


_ AT, х Mj х Wa 
"SES 


K,-W, 
So, AT, = —2—8- ог W, 
b M, х W, B 
(iii) Find AT, as AT, = 7, = h- Т 
Т, = Boiling point of solution 
T? = Boiling point of pure solvent 


Sol Mass of water (W, ) =500g =0.5 kg 
Elevation in boiling point 
(AT,) =100° C – 99.63° C =0.37°С=037К 
- Моја! elevation constant (Ку) =0.52 К kg mol! 
Molar mass of sucrose (Cj; H5,0,,) 
(Mg) =(12 x 12) + (22x 1) + (16x11) 342g mol ' 
_ Mg AT, x Wa 
K, 
-1 
_ (342 g mol )x (0.37 K)x (0.5 kg) -1217g 
(0.52 K kg mol!) 


Ws 


Depression in Freezing Point 

The freezing point is that temperature at which the solid 
and the liquid states of the substance have the same 
vapour pressure. 

When a non-volatile solute is added to a solvent, the 
freezing point of thus formed solution is always lower 
than that of pure solvent as the vapour pressure of the 
solvent decreases in the presence of non-volatile solute. 
This difference in the freezing point is known as 
depression in freezing point. 


Vapour pressure —— 


Temperature/K ——3 
Figure showing AT,, depression in 
freezing point of a solvent in a solution 


If Ty is the freezing point temperature (in kelvin) of 

pure solvent and 7; is the freezing point temperature 

(in kelvin) of the solution when non-volatile solute is 

dissolved in it then, depression in freezing point (AT; ) is 
i не f 

given by AT, - TP - T, 
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For dilute solutions, A T; ст 

di [4m = Kem] 

where, m is the molal concentration (or molality) of the 
solution and the proportionality constant Ky, which 
depends on the nature of the solvent is known as molal 
freezing point depression constant or molal depression 
constant or cryoscopic constant. 

The unit of Ky is K kg mol™!. 

If т =1 molal, ten AT; = К, МИЕ 
Thus, molal freezing point depression constant is defined 


as the depression in freezing point for 1 molal solution, i.e. 
a solution containing 1g mole of solute dissolved in 1000 g 


of solvent. 

Note 

Elevation in boiling point and depression in freezing point 
are colligative properties while boiling and freezing points 
are not. dn 
Determination of Molar Mass of Solute 

Similar to elevation in boiling point, 

K, xW, x 1000 


AT, = 
W x M; 


Ky x W, x 1000 
" AT; xW, 


or 


This expression is used to determine the molar mass of 


solute. 


Relation between Enthalpies 
Change and Constants (К, or Ку) 
The values of K у and Ку, which depend upon the 
nature of solvent, can be shown from the following 


relations: 


Rx M, xT; 

K, =————_ 
1000 x А „Н 

_ Rx M,xTy 

^ 1000x A,,H 


vap 
where, R and М, stand for the gas constant and molar 
mass of the solvent, respectively and 7, and 7, denote the 
freezing point and the boiling point of the pure solvent ` 
respectively (in kelvin). A „Н and A „pH represent the 
enthalpies for the fusion and vaporisation of the solvent, 
respectively. 
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EXAMPLE |3| A 5% solution (by mass) of cane 
sugar in water has freezing point of 271 K. Calculate 
the freezing point of a 5% glucose in water, if freezing 
point of pure water is 273.15 K. NCERT 


Freezing point of pure water is 273.15 К (0°С) and that of given 
solution is 271 K, i.e. we have depression in freezing point. So, 
(i) Apply the formula of depression in freezing point for cane 
sugar. 
(ii) Similarly, find the depression in freezing point for glucose. 
(iii) Compare the two equations to find the freezing point 
of glucose. 


Sol. For cane sugar solution 


W, 1000 


Molality of sugar solution = 
M, W, 


Here, W, =5g, М, =342 g mol ! (sugar), W, =95g 


5 1000 
Molali т) =—— x —— =0.154 
у m 342 95 
AT, for sugar solution = 273.15 – 271 = 2.15 К 
AT, = Кух т 
_ 215 
0.154 


For glucose solution 
Here, W, =5 g, m, =180 g mol” (glucose), W, =95 g 


Molality of glucose solution = s 0.2924 
180 95 


AT; = Кут 
АТ, (glucose) = 215 х 0.2924 = 4.08 
p 0154 
..Freezing point of glucose solution = 273.15 — 4.08 
= 269.07 K 


Osmosis and Osmotic Pressure 


Osmosis 

The phenomenon of the flow of solvent molecules 
through a semipermeable membrane from pure solvent 
to the solution is known as osmosis. | 
Semipermeable membranes сап be natural such as pig's 
bladder or parchment or can be synthetic such as 
cellophane. These membranes appear to be continuous 
sheets or films, yet they contain a network of 
submicroscopic holes or pores.Semipermeable 
membrane is the membrane which allows solvent 
molecules like water to pass through their holes but 
binds the passage for molecules of solute like salt. 

If semipermeable membrane is placed between the pure 
solvent and solution as shown in the figure, the solvent 
molecules will flow through the membrane from pure 


solvent to the solution. | 


Solutions 


This process of the flow of the solvent is known as 
osmosis. 


Semipermeable 
membrane 


Level of solution rises in the thistle 
funnel due to osmosis of solvent 


If the osmosis takes place between the solutions of 
different concentrations, then solvent molecules will 
move from the solution of low solute concentration to 
that of higher solute concentration. The flow will 
continue till the equilibrium is attained. 


Examples of Osmosis 

The examples of osmosis are : 

(i) A raw mango placed in concentrated salt solution 
loses water via osmosis and shrivel into pickle. 

(ii) Wilted flowers revive when placed in fresh water. 
through osmosis. | 

(Ш) A carrot that has become limp because of water loss 
into the atmosphere can be placed into the water 
making it firm once again through osmosis. 

(iv) Through osmosis, blood cell collapse due to loss of 
water when placed in water containing more than 
0.9% (mass/volume) salt solution. 

(v) People taking a lot of salt or salty food experience 
water retention in tissue cells and intercellular 
spaces because of osmosis. This resulting puffiness 
or swelling is called edema. 

(vi) Water movement from soil into plant roots and 
subsequently into upper portion of the plant is 
partly due to osmosis. 

(vii) The preservation of meat by salting and of fruits by 
adding sugar protects against bacterial action. 
Through the process of osmosis, a bacterium on 
salted meat or sugared fruits loses water, shrivels 
and dies. 


Osmotic Pressure (л) 


The osmotic pressure of a solution is the excess 
Pressure that must be applied to a solution to prevent 
Osmosis, i.e. to stop the passage of solvent molecules 
through a semipermeable membrane into the solution, 
It is a colligative property as it depends upon the 
number of solute molecules and not on their nature. 
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Solvent 


Solution Semipermeable 
membrane 

The excess pressure equal to the osmotic pressure 
must be applied on the solution side to prevent osmosis 


Determination of Molar Mass of Solute 


Osmotic pressure is proportional to the molarity (C) of the 
solution at a given temperature (7). 


Thus, nœ C,m=CRT (For dilute solution) 


where, Л is the osmotic pressure and А is the gas constant. 
n 
But С= and n= — 
с ' ү М, 
where, n, is the number of moles of solute dissolved іп V L of 
solution, W, is the weight of solute and М, is its molar mass. 


W. 
Therefore, | | n= сй 
VM; 
W,RT 
SO, „2 M,=— 
Үт 


Measurement of osmotic pressure provides another method 
of determining molar masses of solutes. This method is 
widely used to determine molar masses of proteins, 
polymers and other macromolecules. 


Advantages of Osmotic Pressure Method 


(i) The osmotic pressure method has the advantage over 
other methods as pressure measurement is around the 
room temperature and the molarity of the solution is 
used instead of molality. 

(ii) As compared to other colligative properties, its 
magnitude is large even for very dilute solutions. The 
technique of osmotic pressure for the determination of 
molar mass of solutes is particularly useful for 
biomolecules as they are generally not stable at higher 
temperatures and polymers have poor solubility. 
Osmotic pressure is measured by Berkeley and Hartley’s 
method. 


EXAMPLE |4| Calculate the osmotic pressure 
(in pascals) exerted by a solution prepared by dissolving 
1.0 g of polymer of molar mass 185000 in 450 mL of water 


at 37?C. | NCERT Intext 
Sol. From the relation, n = CRT = > RT, we can find the value 
of m. f 
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Mass of polymer = 1.0 g 
Here, number of moles of solute dissolved (n) 


1.0 g _ 


= mol 
185000 g mol! 185000 


У = 450 mL= 0.450 L 

Т =37°С = 37 + 273 = 310 К 
R= 8314 kPa L К^! mol! = 8314x 10° PaL K ! mol! 
Substituting these values, we get 


1 
molx x 8.314 
185000 0.451 : 


x 10° PaL K^! mol! x 310 K = 30.96 Pa 


Types of Solution on the Basis of 

Osmotic Pressure 

There are three types of solutions on the basis of 

concentration and hence the applied osmotic pressure: 

(i) Isotonic solution Two solutions having same 
osmotic pressure at a given temperature are called 
isotonic solutions. There is no osmosis between these 
rwo solutions as they have same molar concentration. 
e.g. The osmotic pressure associated with the fluid 
inside the blood cell is equivalent to that of 0.996 
(mass/volume) sodium chloride solution, called 
normal saline solution and it is safe to inject 
intravenously. 

(ii) Hypertonic solution A solution having more 
osmotic pressure than the other solution is called 
hypertonic solution. 

e.g. If we place the cells in a solution containing 
more than 0.996 (mass/volume) sodium chloride, 
then water will flow out of the cells and they would 
shrink. This process is called plasmolysis. 

(iii) Hypotonic solution A solution having less osmotic 
pressure than the other solution is called hypotonic 
solution. e.g. If the salt concentration is less than 
0.9% (mass/volume) sodium chloride, then water 
will flow into the cells and they would swell, if placed 


in this solution. 
Solution is isotonic Solution is hypertonic Solution is hypotonic 


Water goes In Water moves Water moves 
both directions out of the cell into the cell 
(ce ie normal) (cell shrinks) (cell swells up) 


Transportetion of water molecules (i e. osmosis) in 
cases when cells are kept in different solutions 
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Reverse Osmosis and Water Purification 


The direction of osmosis can be reversed, if a pressure 
larger than the osmotic pressure is applied to the solution 
side. Now, the pure solvent flows out of the solution 
through semipermeable membrane. This phenomenon is 
called reverse osmosis. This method is used in 
desalination to get salt free-water from sea water as shown 
in the figure. 


Pressure > л | Piston 


ооо о о 


Water 
outlet 


Semipermeable membrane 
Reverse osmosis occurs when a pressure larger than 
the osmotic pressure is applied to the solution 


When a pressure higher than the osmotic pressure of the 
sea water is applied, pure water passes through the 
semipermeable membrane leaving dissolved salt ions and 
other impurities behind. 

The pressure required for the reverse osmosis is quite high. 
Variety of polymer membrane is available for this purpose. 
The most commonly used semipermeable membrane is 

that of cellulose acetate. This method of purification is 
boon for the regions where fresh water is scarcely available. | 


ABNORMAL MOLAR MASS 


Ionic compounds when dissolved in water dissociates into 
cations and anions, e.g. one mole of KCI (74.5 g) in 

water dissociates into K* and СЇ” ions. Molecules of 
acetic acid or benzoic acid dimerise (associate) in benzene - 
due to H-bonding. We have studied that the colligative + 
properties help us to calculate the molar masses of | 
solutes. But in case of association or dissociation of 
compounds, molar masses determined by these methods 
do not agree with theoretical value. 

Such molar masses that are either lower or higher than 

the expected or normal values are called abnormal molar 
masses. Case of association or dissociation of compounds 
is described as: 

Association of molecules leads to decrease in the number 
of particles in solution resulting in a decrease in the value 
of colligative properties. 

Colligative properties are inversely related to molar mass 
of a compound. Therefore, higher value is obtained for 
molar mass than normal values, e.g. ethanoic acid in f 
benzene undergoes dimerisation, it shows a molar mass 0 
120 (normal molar mass = 60). 


l 


1 


Solutions 


2CH,;COOH == (CH,COOH), 


ОН 
wá H—O 
H.C c^ H- bond C—CH 
= - bonds = 
: X ay А ? 
O—H ........ О 


Dimerisation of acetic acid, 


Dissociation of molecules leads to increase in the number of 
articles in solution resulting in an increase in the value of 
colligative properties. Due to this, lower value is obtained for 

molar mass than normal values, e.g. potassium chloride in 
water dissociates into K* and СЇ ions and it shows a molar 
mass of 37.25 (normal molar mass - 74.5). 


KCl == K* «Cl 
van't Hoff derived a factor to deal with this abnormality in 


molar masses (or to deal with the extent of association and 
dissociation), which is discussed below. 


van't Hoff Factor (7) 


In 1880, van't Hoff introduced a factor i, known as van't Hoff 

factor to account for the extent of dissociation or association. It 

is defined as the ratio of the experimental value of the colligative 

property to the calculated value of the colligative property. 
._ Normal (calculated) molar mass 


| —————————————— 
Observed (abnormal) molar mass 
_ Observed colligative property 
Calculated colligative property 
Colligative property oc ————— 
Molar mass 


In association, observed molar mass being more than the 
normal, so i has a value less than one (¿< 1). 

In dissociation, observed molar mass has lesser value than 
normal, so i is more than one (i > 1). 


e.g. The value of i for ethanoic acid (acetic acid) in benzene 

is nearly 0.5 while for aqueous KCI, NaCl and MgSO, 

solution, it is nearly 2. The value of i for K,SO, is nearly 3. 
Observed colligative property 


= + 
Normal (calculated) colligative property 


Modified forms of Colligative Properties 
Due to inclusion of van't Hoff factor, the modified forms of 
colligative properties аге:. 


A 
Relative lowering of vapour pressure, d =; 


p = Рі, Mm 


ог —— zi 


РІ i 


PEER 


Elevation in boiling point, АТ, =iK,m 
Depression in freezing point, AT, =iK ym 
in, RT 


Osmotic pressure, т =iCRT or 


EXAMPLE |5| Determine the amount of CaCl, 
(1=2.47) dissolved in 2.5 L of water such that its 
osmotic pressure is 0.75 atm at 27°C. NCERT 


First calculate the moles of CaCl, by applying van't Hoff | 
equation, x = (CRT and C = 2 | 
Then, calculate the amount of CaCl, by multiplying the | 
moles with molar mass. | 


тху 
Sol From, x- iCRT =i— RT or n=— 
y ix Rx T 
Here, 1-075atm;V = 2.51, i = 247; 
T 2300 К (27 + 273); 
В 20.0821 L atn K mol" 
E 075atmx 25 L 
2.47x 0.0821 L atm К ' mol x 300 К 
= 0.0308 mol 
Molar mass of CaCl, = 40+ 2х 35.5 = 111 g mol * 
. Amount of CaCl, dissolved 2 n x M 
= 0.0308x 111 р= 3.42 g 
Degree of Dissociation and Association 


Using van't Hoff factor, the extent a degree of 
dissociation or association can be calculated. 


Degree of dissociation It is defined as the fraction of 
the total substance that undergoes dissociation. 

6-1) 

(n—1) 

Degree of association It is defined as the fraction of 


the total substance which exists in the form of 
associated molecules. 


а (degree of dissociation) = 


(1-7) 


Ga 


If / =1, it means solute behaves normally, 


a (degree of association) = 


— RE^ "^ 
If i =—, it means solute is dimer. 
2 
C А А 
If i pr it means solute is tetra-atomic, e.g. P,. 


D ; : 
If i C it means solute is octa-atomic, e.g. Sg. 


If i » 1, it means solute undergoes dissociation. 
If i« 1, it means solute undergoes association. 
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EXAMPLE |6| A0.5% aqueous solution of KCl was found 
to be freeze at —0.24°C .'Calculate the van't Hoff factor and 


degree of dissociation Uf the solute at this concentration. 


(K; for water = 1.86 К kg mol ?). 
Sol Given, Ку =1.86K kg mol", W, = 0.5 р, W, =100g, 


Observed molecular mass of KCl = Даро ХИ 
е AT, XW, 


_ 1000 x 1.86 x 0.5 
0.24 х100 


= 38.75 


| TOPIC PRACTICE 4| 


OBJECTIVE Type Questions 
Í. Colligative properties depend оп ......... А 


en 


NCERT Exemplar 

(a) the nature of the solute particles dissolved án solution 
(b) the number of solute particles in solution 

(c) the physical properties of the solute particles dissolved 

in solution - 

(d) the nature of solvent particles 

12 g urea was dissolved in 1 L water and 68.4 g 
sucrose was dissolved in 1 L of water. Expected 
depression in vapour pressure of urea vill be 

(a) more than that of sucrose solution i 

(b) less than that of sucrose solution 
(c) double than that of sucrose solution 
(d) equal to sucrose solution 


The unit of ebullioscopic constant is 
(а) K kg mol"! or K (molality) " NCERT Exemplar 


(b) mol kg К^! ог К^! (molality) 
(c) kg mol! К^! or К^! (molality) 


(d) K mol кв! or K (molality) 


Which of the following aqueous solutions should 
have the highest boiling point? NCERT Exemplar 


(a) 1.0 M NaOH 
(b) 1.0 M Na,SO, 
(c) 1.0 M NH,NO, 
(d) 1.0 M КМО, 


What happens to freezing point of benzene when 
naphthalene is added? NCERT Exemplar 


(a) Increases 

(b) Decreases 

(c) Remains unchanged 

(d) First decreases and then increases 


10. 
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Normal molecular mass of KCl = 38.75 + 35.5 = 74.25 
Normal molecular mass 


van't Hoff factor = 
Observed molecular mass 


i- 2253 = 1.92 
38.75 
КС == K*+Cl 
(1-0) a a 


Total number of particles =1-@+Q@+Q@=1+@ 
i=1+a 1.92=1+Q@ 
So, &.—1.92—1 = 0.92, i.e. 92% dissociated. 


The freezing point of a 0.2 molal solution of a 
non-electrolyte in water is CBSE 2021 (Term I) 


(К, for water - 186 К kg mol") 
(a) - 0.372°C (b) - 1.86°C 
(c) + 0:372°С (4) + 1.86°С 


How much ethyl alcohol must be added to 
llitre of water so that the solution will freeze at 
— 14°C? (К, for water = 1.86°C/mol), 


CBSE SQP (Term I) 
(а) 7.5 mol (6) 8.5 mol (с) 9.5 mol (9) 10.5 mol 
The osmotic pressure of a solution increases if 

CBSE 2021(Term 1) 


(a) the volume of the solution increased 

(b) the number of solute molecules is increased 

(c) temperature is decreased 

(d) solution constant (R) is increased 

At a given temperature, osmotic pressure of a 

concentrated solution of a substance ......... Н 
МСЕВТ Ехетріаг 

(а) is higher than that of а dilute solution 

(b) is lower than that of a dilute solution 

(c) is same as that of a dilute solution 

(d) cannot be compared with osmotic pressure of dilute 


solution 
In which of the following cases blood cells will 
shrink? CBSE SQP (Term I) 


(a) When placed in water containing more than 0.9% 
(mass/ volume) NaCl solution 

(b) When placed in water containing less than 0.9% (mass 
/volume) NaCl solution 

(c) When placed in water containing 0.9% (mass/volume) 
NaCl solution 905 

(d) When placed in distilled water ; 

4 ] Р . 


solutions 


VERY SHORT ANSWER Type Questions 


(1. Explain boiling point elevation constant for a 
solvent. All India 2012; Foreign 2012 
Or | 
Define molal elevation constant, Къ Delhi2014 


{2. Will the depression in freezing point be same or 
different, if 0.1 mole of sugarjor 0.1 mole of 
glucose is dissolved in 1 L of water? 


(3. Itis advised to add ethylene glycol to water in car 
radiator while driving in hill station. Why? | 
(4. Define the term osmotic pressure. | 
All India 2013; Delhi 2010 С, 2009 
15. What are isotonic solutions? All India 2014 


(6. What happens when we place the blood cell in 
water (hypotonic solution)? Give reason. 
All India 2015 


17. State the condition for reverse osmosis. 
All India 2020 


18. What will be the value of van’t Hoff factor for a 
dilute solution of K,SO, in water? 


SHORT ANSWER Type I Questions 


19. Define the following terms: 
(i) Colligative properties 
(ii) Molality (m) | Delhi 2017 
20. Aglucose solution which boils at 101.04°C at 
1 atm. What will be relative lowering of vapour 
pressure of an aqueous solution of urea which is 
equimolal to given glucose solution? (Given: K, 
for water is 0.52 К kg mol!) | CBSE SQP 2021 


A. Explain why on addition of 1 mole of glucose to 


1 litre of water, the boiling point of water 
increases? Delhi 2017 C 


22. Explain, why on addition of 1 mole of NaCl to1L 
of water, the boiling point of water increases, while 
addition of 1 mole of methyl dlcohol to 1 L of 
Water decreases its boiling point? NCERT Exemplar 


23, 


An aqueous solution of sodium chloride freezes 
below 273 К. Explain the lowering in freezing 
Point of water with the help of a suitable 

diagram, | Delhi 2013 C 
24. 


Calculate the freezing point of a solution 
Containing 60 р of glucose | 
(Molar mass = 180 g mol" !) in 250 g of water. 
K, of water = 1.86 Kkg mol” ) СВЅЕ 2018 


25. 


26. 


27. 


28. 


29. 


old 


30. 


31. 


32. 


33. 


34. 


35. 
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Arrange the depression ín freezing point of water 
observed for the same molar concentrations of 
acetic acid, trichloroacetic acid and 
trifluoroacetic acid. Explain this order as well. 
NCERT; Delhi 2008 C 


How does sprinkling of salt help in clearing the 
snow covered roads in hilly areas? Explain the 
phenomenon involved in the process. 

NCERT Exemplar 


Why do doctors advise gargles by saline water in 
case of sore throat? 


Calculate the mass of a non-volatile solute 
(molar mass 40 g mol”) which should be 
dissolved in 114 g of octane to reduce its vapour 
pressure to 80%. NCERT 


Vapour pressure of water at 293 K is 

" 17.535 mm of Hg. Calculate the vapour pressure 
of water at 293 K when 25 g of glucose is 
dissolved in 450 g of water. NCERT 


18 g of glucose, C,H,,0, (molar mass = 180 р mol) 
is dissolved in 1 kg of water in a sauce pan. At 
what temperature will this solution boil? 

(K, for water =0.52 К kg mol", boiling point of 
pure water = 373.15 К). Delhi 2013 


Calculate the mass of compound (molar mass 
= 256 g тої!) to be dissolved in 75 g of benzene 


to lower its freezing point by 0.48 К. 
(K; = 5.12 K kg mol) All India 2014 


The molecular masses of polymers are 

_ determined by osmotic pressure method and not 
by measuring other colligative properties. Give 
two reasons. All India 2011C 


Determine the osmotic pressure of a solution 
prepared by dissolving 25 mg of KSO, in 2 L of 
water at 25°С, assuming that it is completely 
dissociated. Delhi 2013; NCERT 


At 300 K, 36 g of glucose present in a litre of its 
solution has an osmotic pressure of 4.98 bar. If 
the osmotic pressure of the solution is 1.52 bar at 


the same temperature, what would be its 
concentration? All India 2019, NCERT 


When kept in water, raisin swells in size. Name 
and explain the phenomenon involved with the 
help of a diagram. Give three applications of the 
phenomenon. NCERT Exemplar 
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3G. Define the following terms: 
(i) Abnormal molar mass 
(11) van't Hoff factor Delhi 2017 


Delhi 2012; All India 2012, 2009 


37. How many grams of KCI should be added to 1 kg 
of water to lower its freezing point to -8.0*C 


(K; for water = 1.86°C kg mol"). 


SHORT ANSWER Type II Questions 


38. Give reasons for the following: CBSE 2018 

(a) Measurement of osmotic pressure method is 
preferred for the determination of molar 
masses of macromolecules such as proteins 
and polymers. 

(b) Aquatic animals are more comfortable in cold 
water than in warm water. 

(c) Elevation of boiling point of 1M KCI solution 
is nearly double than that of 1 M sugar 
solution. ad 


39. At25'C, the saturated vapour pressure of water is 
3.165 kPa (23.75 mm of Hg). Find the saturated 
vapour pressure of a 5% aqueous solution of 
urea (carbamide) at the same temperature. 
(Molar mass of urea = 60.05 р mol”). Foreign 2012 


40. A solution is prepared by dissolving 10 g of 
non-volatile solute in 200 р of water. It has a 
vapour pressure of 31.84 mm Hg at 308 K. 
Calculate the molar mass of the solute. 

(Vapour pressure of pure water at 308 K - 32mm 
of Hg) All India 2015 


41. Vapour pressure of pure water at 298 К is 23.8 mm 
of Hg. 50 р of urea (МН,СОМН,) is dissolved in 850 
g of water. Calculate the vapour pressure of water 
for this solution and its relative lowering. 
NCERT Intext 


42. 15.0 g of unknown molecular material is 
dissolved in 450 g of water. The resulting 
solution freezes at —0.34*C. What is the molar 
mass of the material? 


(К, for water = 1.86 К kg mol!) An India 2012,2010 


> 
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43. Calculate the mass of ascorbic acid (vitamin C, 
C,H,O,) to be dissolved in 75 g of acetic acid to 
lower its melting point by 1.5°С: (К, for acetic 
acid = 3.9 К kg mol`’). All India 2010 C; NCERT Intex, 


The freezing point of a solution containing 5g of 
benzoic acid (М =122 р mol: !) in 35g of benzene 
is depressed by 2.94 K. What is the percentage of 
association? 


(K,forbenzene- 49K kg mol`!) Ап India 2020 


45. A10% solution (by mass) of sucrose in water has 
freezing point of 269.15 K. Calculate the freezing 
point of 10% glucose in water, if freezing point of 
pure water is 273.15 K. 


Given, molar mass of sucrose = 342 g mol`! and 


molar mass of glucose = 180 g mol! 
Delhi 2017, All India 2017 


46. Two elements A апа B form compounds having 
molecular formula AB, and AB,. When dissolved 
in 20 g of benzene (C,H,), 1 g of AB, lowers the 
freezing point by 2.3 К whereas 1.0 р of AB, 
lowers it by 1.3 K. The molal depression constant 
for benzene is 5.1 К kg mol". Calculate atomic 


masses of A and B. NCERT 


47. Asolution containing 15g urea (molar mass 
= 60 g mol`’) per litre of solution in water has the 
same osmotic pressure (isotonic) as a solution of 
glucose (molar mass = 180 р mol”) in water. 
Calculate the mass of glucose present in one litre 
of its solution. Delhi 201 


48. Asolution of urea in water has a boiling point of 
373.128 К. Calculate the freezing point of the 
same solution. (Given, for water K, -186K 
kg mol” and K, = 0.52 K kg mol”) 


Delhi 2010 C, 2009 C 


(i) First, find molality of the solution by using the formula, 
AT, = Кыт 
(ii) Find AT, by using the formula, AT, = Kum 
(iii) Find freezing point of the solution by using the 
formula, =- AT, 


solutions — ' | 36 


49 Calculate the amount of KCl which must be Calculate the number of moles of CO, in 500 mL 
` added to 1 kg of water:so that the freezing point of soda water when packed under 2.53 10? Pa at 

is depressed b2 K. (K, for water the same temperature, | , All India 2017 C 
-186 K kg mol”) Delhi2012 54 А solution containing 30 g of a non-volatile 

50. Calculate the boiling point of solution when 4g solute exactly in 90 g of water has a vapour 
of MgSO, (M =120 g mol”) was dissolved in pressure of 2.8 kPa at 298 K. Further, 18 g of 
100 g of water assuming MgSO, undergoes water is then added to the solution and the new 
complete io nisatiori. Vapour pressure becomes 2.9 kPa at 298 K. 
(К, for water = 0.52K kg mol!) All India 2016 ir aide 

Nen | (i) molar mass of the solute. 
91, 39g of benzoic acid dissolved in 49 g of benzene (ii) vapour pressure of water at 298 К. NCERT 


shows a depression in freezing point of 1.62 K. 55 
Calculate the van’t Hoff factor and predict the " 
nature of solute (associated or dissociated). 
(Given : Molar mass of benzoic acid 
= 122 g mol’, К; for benzene NCERT 
= 4.9 К kg mol”) Delhi 2015 56. (i) Definethe following terms : 
| (a) Ideal solution 
52. The freezing point of benzene decreases by (b) Osmotic pressure 
EMER OSE ч ee aad pre ae (ii) A 0.01 m aqueous solution of AlCl, freezes at 
of benzene. If acetic acid associates to forma -0.068°C. Calculate the percentage of 
dimer in benzene, percentage association of ізо 


acetic acid in benzene will be (Gi m 
_ Given : К, for water = 1.86K kg mol: |] 
(К, for benzene = 512 К kg mol!) 4 | — 


LONG ANSWER Type Questions 57. 19.5 g of CH;FCOOHis dissolved in 500 g of 

| water. The depression in the freezing point of 
water observed is 1.0°C. Calculate the van't Hoff 
factor and dissociation constant of fluoroacetic 


Calculate the depression in the freezing point of 
water when 10 g of CH,;CH,CHCICOOH is added to 
250 g of water. К, = 14x 10$ К, = 186 K kg mol. 


53,. (i) Explain why on addition of 1 mol glucose to 
1 litre water, the boiling point of water 


increases. d à pes " 
(ii) Henry's law constant for CO, in water is acid. (K; for water is 1. вто!) NCERT 
L67 x10* Pa at 298 К. 
1, (b) Colligative properties depend upon number of solute Unit of K, = щщ of AT, К i 
particles in solution irrespective of their nature. unitof m molality 
"WO n 2 =K mol! k 
2. (d) Expected depression in vapour pressure = - = е ke K mol kg 
Where, nand Nis the number of moles of solute and solvent. 4, (b) As we know greater the value of van't Hoff factor 
Depression in vapour pressure of urea solution higher will be the elevation in boiling point and hence 
12/60 higher will be the boiling point of solution. 
“12/604 1/18 ` патри 
: i van t Hoff factor (i) 
Depression in vapour pressure of sucrose solution = Solution . | е 
68.4 /342 078 1.0 M NaOH à 
684 ans 1.0 M Na, SO, 3 
342 А 
з Thus, depression in vapour pressure of both is equal. 1.0 M NH; NO, ^ 
* (a) As we know from elevation in boiling point that 1.0 M KNO, 2 


АТ, 
АТ, = zl gessi ; 
jT Km К, m Hence, 1.0 M Na,SO, has highest value of boiling point. 
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5. (b) Freezing point of a pure solvent decreases on addition 
of solute and hence, a solution of benzene and 
naphthalene has lower freezing point than the freezing 
point of pure benzene. 

6. (a) Molality of solution (m) =0.2 m 
Molal freezing point depression constant 

(K,)-186K Kg mol” 
Depression in freezing point (АТ) = Ky xm 


AT, =1.86x 0.2 
AT, =0.372°С 
Now, АТ, = T; "T 


where, Ty = freezing point of pure solvent 
T, = freezing point of solution. 


* 0.372 -0-T, Р 
Ty = —0.372°С 
7. (a) AT, = Кухт 
АТ = К p x ng x1000 
w ,(in ml) 


where, AT, = depression in freezing point 
Кү = тоја] depression constant 
ny = number of moles of solute 
м д = given mass of solvent. 


14 _ 1.86x ng x 1000 
1000 
14 х1000 
ng —————— 
1.86 x 1000 
ng =7.5mol 


8. (b) The osmotic pressure of a solution increases when the 
number of solute molecules increases. Higher the 
number of solute molecules, higher will be the osmotic 
pressure. 

(a) According to definition of osmotic pressure we know 
that л = CRT. For concentrated solution C has higher 
value than dilute solution. 

Hence, as concentration of solution increases osmotic 
pressure will also increase. 


9 


10. (a) If the blood cells are placed in the solution containing 
more than 0.9% (mass/volume) NaCl, then water will 
flow out of the cells and they would shrink. 

11. We know that, AT, = K,m 


If m 21, then AT, = K,. Thus, boiling point elevation 
constant 15 equal to the elevation in boiling point, when 
1 mole of a solute is dissolved in 1 kg of solvent. It is also 
called Ebullioscopic constant. 
12. It will be same for both solutions because both are non- 
electrolytes and give same number of solute particles. 


13. Ethylene glycol lowers the freezing point of water, 
therefore, water does not freeze in hill station. 


14 


15 


16. 


17. 


18. 


19 
20. 


21 


22. 


23. 
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The osmotic pressure of a solution is the excess 
t . Pressure 
that must be applied to a solution to prevent osmosis 


Two solutions having same Osmotic pressure at a given 
temperature are called isotonic solutions. 

On placing the red blood cells in water containing less 
than 0.9% salt, i.e. hypotonic solution, then due to 0510515 


water molecules move into blood cells through the cel] 
wall. As a result, blood cells swell and may even burst. 


Pressure applied on the solution should be larger than 
osmotic pressure, 


It is 3 because it gives 3 particles (ions) on dissociation. 
K,SO, —> 2K* + 502- | 
(i) Refer to text on page 25. (ii) Refer to text on page 4, 


Given, T, =10104°C and К, = 0.52 K kg mol" 
We know that, | 
AT, =Kym 
AT, =T, -T, =101.04 —100=104°C 
Using 1 | 
ог m= АТЫ = = =2 
К, 052 
Relative lowering of vapour pressure = X, 
| 
Relative lowering of vapour pressure = za 
| nm +m 
| 2 2 
| = = — =0.034 аап 
2+555 57.5 


| 
Vapour pressure of the solvent decreases in the presence of 
non-volatile solute (glucose) hence boiling point increases. 


NaCl is a non-volatile solute. So, its addition to water 
lowers the vapour pressure of water. Hence, boiling 
point of water (solution) increases. Whereas methyl 
alcohol is more volatile than water. So, its addition to 
water increases the total vapour pressure of the solution. 
It results in decrease of boiling point of water. 


When a non-volatile solute is added to a solvent, the 
freezing point of the solution is always lower than that 
of pure solvent as the vapour pressure of the solvent 
decreases in the presence of non-volatile solute. 

Plot for the lowering in freezing point of water when NaCl 
is added to it is shown below 


T, = Freezing point 
of sodium chloride 
solution 


Vapour pressure ——> 
^ 


1273 K 
Temperature/K ——> ` 


Solutions 


ad 1000 


24. Molality of solution, m = ОЛ > 


(0) 


where, w, weight of glucose = 60 g 
M, molar mass of glucose = 180 g 
w, weight of solvent (water) = 250 р 


. 606. 10006 

in Eq. (i) = x =g 

Putting value in Eq. (i) 180g 250g 
m = 133 


Molality 
Now, AT, =Kym, К, =1.86К kg mol 


AT, =1.86K kg mol” ! x 1.33 m=2.47K 


25. The depression in freezing point is in the order: 
Acetic acid « trichloroacetic acid « trifluoroacetic acid 


HN CIN PN 
H-C- COOH < CI-C — COOH « F—C—COOH 
H~ с PA 

Fluorine has the highest electron withdrawing inductive 
effect, so trifluoroacetic acid is the strongest acid and 
acetic acid is the weakest acid. Therefore, trifluoroacetic 
acid ionises to the greater extent and acetic acid ionises to 
the minimum extent. Greater the number of ions produced, 
greater is the depression in freezing point. 

26. When salt is spread over snow covered roads, solution of 
salt and water is formed and as a result, depression in 
freezing point of water occurs. At the ambient 
temperature, snow starts melting and it helps in clearing 
the roads. 

27. Sore throat is caused by viral and bacterial infection. 
When we gargle with salt water, there is a higher salt 
concentration than that of the infected cells. Through 
osmosis, water comes out of bacterial cells and infected 


cells thus, killing the pathogens and causing relief. 
28. Here, p = 80% of p? = 0.80p? 


Number of moles of solute (nj) = ч то] 


Number of moles of solvent (octane) (n,) 
C ae 1 mol 
114 g mol! 
(-- As molar mass of C,H,, = 114 g mol!) 
Now, РРР =, = п, 
р? (n, +n) 
Ру 0.80p? _ (W,/40) 


pe (W, /40 +1) 
o$ "= от 08и: _ 0.2 
ùr 40 40 40 
W, =10р 


29, o 
чер 7 17.535 mm of Hg, W, = 25g, W, = 450g 
е Solute (glucose, C,H,,0,), M, 2180g mol” 
9r solvent (H,0), M, =18 g mol! 


According to Raoult's law, 
Pi — р еу. КИ 


Рі n +n, 


37 


or Р-Р т WM, + (for dilute solution) 


hi m W/M, 
17.535- p, W,My 


or 
17.535 мМ, ; 
17.535- p, 125x18.. 25 _ 00556 
17.535 450x 180 4500 
Or = 17.535- p, = 0.09749 
Рі = 17.4375 mm of Hg «17.44 mm of Hg 
30. Given, | 


W, = weight of H,O (solvent) = 1 kg 
W, = weight of C,H,,0, (glucose, solute) = 18 g 
Ty = 37315K, K, = 0.52K kg mol! 
M, =molar mass of solute (glucose) = 180 g mol” 
_ Ky X1000x W, 
ИШТҮҮ 
_ (0.52 Kkg mol™)x 1000x 18g 
^ — (180g mol) x 1000 g 
= eel = 0.052 К 
180000 
` As we know that, AT, = T, - T$ 
i 0.052 = T, — 373.15 
T, = 373.15 + 0.052 = 373.202К 
= 373.20 К (approx.) 
31. Given that, K; = 5.12 K kg mol" 
Mass of benzene, W, = 75 g 
Depression in freezing point, 
AT, = 0.48 К, M; = 256 g mol’ 


AT, 


If W, is the mass of compound, 
Ky X W, x 1000 


Then, AT; = 
W, x M, 
(where, M, is molar mass of compound) 
2 0 _5.12X W, x 1000 


75x 256 
_0.489х 75x 256 _ 


? 512х 1000 
32. The osmotic pressure method has the advantage over 
other methods because 
(i) pressure measurement is around the room 
temperature and the molarity of the solution is used 
instead of molality. 
(ii) its magnitude is larger as compared to other colligative 
properties even for very dilute solutions. 
33. K,SO, dissolved = 25 mg = 0.025 р 
Volume of solution = 2L 
T = 25°C = 25 + 273 = 298K 
Molar mass of K,SO, = 2Х39+32+4х16 = 174 р mol”! 
As, K,SO, dissociates completely as follows 


38 


K,SO, —> 2K* + 507 
Le. ions produced -3 
i i=3 °С 
m=iCRT =i RT=ix М х1 gr 
р V M V 

0.025 g Ө E m 

174g mol! 2L 
x 0.0821 І. ат К! то]! х 298 К 
= 5.27х 10? atm 
W, x RT 
M,xV 
For both solutions, R, T and V are constant. 
~~ In the first case, (М, = 180 for glucose) 


—5x 


34. л=СЕТ = КТ - 


кзы ЗЛ tala (i) 
180 V 
W, М 
In the second case, 1.52 = x Rx 300 ...(ii) 
MV 


2 
On dividing Eq. (ii) by Eq. (i), we get 
Ww, 
M,V 
35. This phenomenon is called endoosmosis, i.e. movement 
of water inside the raisin and shown with the help of 
diagram as: 


or C =0.061 mol L! 


Semipermeable membrane 


Raisin 


The process of osmosis is of immense biological as well 
as industrial importance. It is evident from the following 
examples: 

(i) Movement of water from soil into plant roots 


subsequently into upper portion of the plant is partly 


due to osmosis. 


(ii) Preservation of meat against bacterial action by the 


addition of salt. 
(ii) Preservation of fruits ag 


adding sugar. Bacterium in с es wi 
through the process of osmosis and become inactive. 


(iv) Reverse osmosis is used in desalination of water. 
36. Refer to text on pages 30 and 31. 


37. KC] — K^ « C 
1 mole of KCI gives 2 moles of particles 


[22 
AT, - iKrm 
Неге, AT, =T; - T, =0-(-8.0) =8°C 
dE TT: = 2.15 mol/kg 


Molar mass of KCl is (39+ 35.5) = 74 .5 g mol" 


and 


ainst bacterial action by 
anned fruit loses water 
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fe a Икс 
Mxc х Мн ,o (kg) 
Therefore, Икс 2 mx Myc, x Wy ,o (kg) 
= 2.15 x 74.5x1=160.2 g per kg 
. 160.2 g of KCI should be added to 1 kg of water. 


38. (a) The osmotic pressure method has the advantage ove 
other methods as pressure measurement is around i 
the room temperature and the molarity of the 
solution is used instead of molality. 

(b) Oxygen is present in dissolved state in water. As per 
Henry’s law when temperature rises solubility of a gas 
decreases in solvent, it means solubility of oxygen in 
warm water is less than cold water. This makes aquatic 
species respirate comfortably in cold water. 

(c) Elevation in boiling point is directly proportional to * 
i’. AT, o i. Now as given in the question, elevation 
of boiling point of 1 M KCI solution is nearly double 
than that of 1 M sugar solution. It is because KCI 
being ionic, dissociates into K* and Cl and therefore 
it's van't Hoff factor, i is 2 whereas for sugar van't 
Hoff factor is 1 as it does not undergoes such a 


Аз, = 2.15 mol/kg 


dissociation. 
39. Рг X27 nm [for dilute solution, n, << n] 
p m 
pi -pı _W,xM, 
p se 


Given, рр —3.165 kPa, W, 25g, W, 295g 
М, =60.05 g mol’, M, =18g mol! 
3.165-p, — 5x 18 bas 
3.165 60.05x 95 
3.165—p, 20.050 ог p, = 3.115 kPa 
40. Molar mass of solute =180 g mol”. 
Refer to example 1 on page 26. 
41. Here, p? = 23.8 тт of Hg, W, =50 g, W, =8508 
For solute, urea (NH;CONH;), М, 760g mol” 
For solvent (H,O), M, =18 g mol” 
ph. 5. 


According to Raoult's law, 


р n +n, 
ne Р-Р. _ п „W/M: 
p^ т ИИМ, 
(for dilute solution, nj + n; = п) 
ог f£, 08 M 
p^ Мх М, 
Substituting the values, we get 
АЖЕСИ 53 Г сысы 
238 60 850 170 238 170 170 


rv 
mu .39746 _ 93.38 mm of Hg 
170 170 á 


solutions 


2 .80 – 23.3 Р 
ecu. 35007 2554044 м, 
Е p? 23.80 23.80 
Ky X W, x 1000 
AT, = 
42. M, X W 


Given, W, 2450g, W; = 150g 
AT, =034 K, Ку =1.86 K kg mol! 
К, x W, x1000 


xi a AT, xW, 
1.86 K kg mol” x 15 gx 1000 E i 
= = 182.35 
м, 0.34 Кх 450 р g mol” (2) 


43, Lowering in melting point (AT; ) = 1.5°C 
Mass of solvent (CH,COOH), W, =75р 
Molar mass of solvent (CH,COOH), М, = 60 р mol! 
—. [as CH,COOH- 12+ 3+ 12+ 16+ 16+ 1= 60] 
Molar mass of solute (C,H,O,), 
М, = 72+ 8+ 96= 176 р mol” 
[as, С,Н,О, =6 X12+8X1+6X16=176] 
For acetic acid, Ку= 3.9 K kg mol? [Given] 


| 1000K; W, 

Applying the formula, M, = ENE we get 
1277 

W. = M; x W, X AT, 


1000 x Ky 
_ (176 g mol) (75 g) (1.5 К) 
(1000) (3.9 К kg mol") 


44, Let the degree of association of benzoic acid in benzene 
isa, then 


-5077g 


2C,H,COOH *— (C, H, COOH), 
Initial moles 1 0 
Moles of equilibrium 1-а 012 


^ Total moles =1 -a 49 =) -2 or pay 
2 2 2 


Now, depression in freezing point (AT;) is. 
AT, =iK,-m JD) 
Molality (m) = Dumber of moles of solute _ 5 1000 


. mass of solvent (kg) 122 35 
Putting values in (i) 


294-46 s ( - 3 2 í ә => @=0,9752 
2)/\122 35 


4 “^ Thus, the Percentage of association = 97.52% 


181, calculate the value of molality (m) of sucrose, using 


m= Vu, Х1000 


М.а, xW, 


solvent 
en, | 
йер, ulate the cryoscopic constant (K f) by using 
3 slon is freezing point, АТ, i= Күт. 

Ina]] 
freezing alculate the AT; of glucose solution followed by 
Point of glucose solution T, = 27315- АТу. 


For sucrose solution, 
W, x1000 
2 XW, 
Given, W, = 10 g, И, = 90 g, М, = 342g mol” 
; 1 
Molality (т) = = x r = 0.324 mol kg! 
AT, for sucrose solution = 273.15 K- 269.15 K= 4K 


Molality of sucrose solution = 


4 
K,=——K kg mol ? 
10324 & mo 


For glucose solution 
W, =10g, W, 290g, М, 2 180g mol" 
10 1000 


Molality (m) = — x —— = 0617 mol ke! 
| ty (m) 180 90 "d 


4 
2 AT, (glucose) =— x 0.6177 7.617 
re 0.324 


Hence, freezing point of glucose solution 
= 273.15 K- 7.617 K= 265.53K 
1000K; W, 
W, X AT; 
For AB, M, 219051 х1 
P&B. 20x 23 


хо. 
For AB,, Mas, = T = a 


Suppose atomic masses of A and B are a and b respectively, 
then 


46. Applying the formula, М; = 


= 110.87 g mol! 


= 196.15 g mol 


Molar mass of AB, = a + 2b = 110.87 g mol ~(i) 
Molar mass of AB, = a +4b= 196.15 g mol! (ü) 
On subtracting Eq. (i) from Eq. (ii) gives 

| 2b = 85.28 
Therefore, b= 42.64 


On substituting the value of b in Eq. (i), we get 
а+ 2х 42.64= 110.87 
or a= 25.59 
Thus, atomic mass of A = 25.59 u, 
Atomic mass of B= 42.64 
47. Here, W, = 15g, M, = 60g mol", у = 1L 
M, = 180 g mol , V, = 1L 
W RT 
m V 
For both solutions, л, R, T and V are same, 


15RT 
For urea solution, Л = = 


n = CRT = 


For glucose solution, Л = ылы 
180 
ШИ 
60 180 
15 x 180 
60 


=45g 


2= 


40 


48. Given, T, = 373.128 К, É 
Кр = 1.86 K Kg mol, K, = 0.52 K kg mol! 
AT, = 373.128 K- 373 K= 0.128 K 
C: Т for water= 373 K) 


0.128 K 
AT, = Кът огт= 275 . O18K- 
ы Ky, 0.52 Кт 
^1 t 
АТ, _186 Km™ x DK рта: 
0.52 Km 
К, XW, х1000 
49. АТ, "hoy Mace Pei 
W, x M, ' 1 
Here, M; =745, Ку =1.86K kg mol, W, =1 kg 
АТ = 2К | u 
z- 186% W, x 1000 , 2x745 _ 
1000 x 74.5 1.8622) 4-4 
W, — 40.05 g 


50. Given, weight of solute, W, =4 р 
weight of solvent, W, = 100 g 
i = 2(as MgSO,dissociates completely into 2 ions) 
MgSO, == Mg” + 502- 
К, = 052Kkg mol M, =120g mol” 
-. The elevation in boiling point of solution, 
AT, _ixK, xW, x1000 
M, X W, 
where, i — van't Hoff factor 
W, = weight of solute 
W, = weight of solvent , 
М, = molar mass of solute 
T,° = boiling point of pure solvent | 
_2х0.52х 4x 1000 


= 0.346K 
120 100 
At boiling point of pure water is 100°C or 373 K. 
T, AT, +T} 


Т, = 373 + 0.346 = 373.346 К 
51. The given quantities аге: 
W, = 39р, И, =49g 
AT, = 1.620, K; = 49K kg mol" 
Apply van’t Hoff equation, AT, =iKy-m 
where, i = number of ions 
Ку xW, x1000 


AT, = 
М, XW, 
" T 
= 162K = 49 ККЕ mol” X5.9 gx 1000 


122 g mol! x 49g 
Е 5 
j= 162X 122x49 _., 
4.9х 3.9 x 1000 


As the value of i <1 thus benzoic acid is an 
associated solute. 
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52. Let the degree of association of acetic acid (CH;COOH) 
in benzene is ©, then 


2CH,COOH <= (CH,COOH), 
Initial moles K—1 K—> 0 
Moles at equilibrium 1-а s 


2 
a Qa } a 
-. Total moles =1—a@+—=1-—— or iz1—-— 
2 2 2 


Now, depression in freezing point (AT, ) is given as 
АТ, =iKym Е ---(i) 
where, К; = molal depression constant or 
cryoscopic constant. 
m = molality 
number of moles of solute 0.2, 1000 


Molality = - 2e 
PEN weight of solvent (іп kg) 60 20 


Putting the values in Eq. (i) 


045= [ > d (512) E x rd 


60 20 
j% _ 045 X 60x 20 
2. 512x02 x1000 


5 175 =0527 = 771-0527 


tia a = 0946 
Thus, percentage of association = 94.6% 
53. (i) Refer to text on page 26. 
(ii) ko, = Ky Xco, 
Xco, = Рсо, / Ky 
= 253x10 Pa/ 167 x10* Pa 2151x10^? 
“пң,о = 500 g/ 18 g/mol = 27.77 mol 
Let nco, = n mol 
Let nco, = n/(27.77 + n) =1.51 x 10? 


nco, 7151x107 х 2777 mol = 0042 mol 
54. (i) Suppose the molar mass of solute = M g mol! 
Number of moles of solute (n,) = " mol 


Number of moles of H,O 
90g 


MUS el and p, = 2.8 kPa 
2 e ou p,-28 | 30/M 
р n +n, р 5+ 30/ М 
2.8 30/ М 
or l|- — a 
ГА 5 +307 М 
бг 28_|_ 30/M |, 5 
К 5+30/M .5+30/M 
o Е a ы 
ог A g TIIM | 1S. 0) 
2.8 5 unt M 


On adding 18 р of water, n(H,0) = 6 mol ` 
(=5+1=6 то), 


Solutions 4] 


Then, рі = 2.9 КРа m 
p -29. 30M ., 29 зум AE DU ewm ЛИК т 
s — 64301M © 6430 M ре 2098... | P gt 
n ! 1.86% 0.01 FT ТА 
2.9 30/ М 6 | | 
а а 7777 "5004 men 
n * 30M The dissociation of AICI, can be shown as : 
| _ 6 +30/M 5 = APP* +3СГ 
» AGOM 5 ET И AICI, АГ? + 3CI 
2.9 M Initially, let 1 mole of AICI, is present. Hence, 
On dividing Eq. (i) by Eq. (ii), we get AIC], == АР?” + 3Cr 
29 4: 1+6/M Initially 1 mol 0 mol 0 mol 
2.8 1+5/M At equilibrium ^ — (1—«) mol a mol 3a, mol 
M ( 5 +) 2 ( " £) — 145 _ pace 16.8 (where, a =degree of dissociation) 
M M M M Total number of moles at equilibrium 
- М = 23 0 =1-а +0 + 30 = (1 + 30) 


(ii) Putting M = 23 in Eq. (i), we get AICI, is a weak electrolyte and for weak electrolytes, 
А 6 29 29 | ‚ _ number of moles at equilibrium 
A. 1+—=—or р = = х 2.8 = 3.53 kPa initial number of moles 


2.8 23 23 3 
1+ 30 зо. 
= 4 o Ты 


55. Molar mass of CH,CH,CHCICOOH 
=15 +14 +13 + 35.5 + 45=122.5 g mol! 
Number of moles of 10 g of CH,CH,CHCICOOH 


Зо = 265 = а = 08833 
or percentage of dissociation is 88.33%. 


10 2 57. Неге, W, = 19.5 g, W, = 500g, 
- —— то] = 8.16x 107 mol А : 
к 122.5 gui = Ky = 1.86 K kg mol, (AT; ),, = 1.0° 
2. Molality of the solution (m) ане 1000K; W, 
-2 -. M,(observed)= ——— — 
„Wa X100 _ m X1000 _ 8.16% 107 mol i o, pg- WAT, 
M, XW, wW 290g _ (1000 g kg" ')(1.86 К kg mol”) (19.5 g) 
ү a is the degree of dissociation for СН,СН,СНС1СООН, = 7254 g mol! 
en 
CH,CH,CHCICOOH == CH,CH,;CHCICOO" + H* M, (calculated) for CH,FCOOH 
Initial conc.  Cmol I- 0 0 = 14+ 19+ 45= 78 g mol! 
А ilibri - C M 78 
bee СЛ 9n а van't Hoff factor (i) = (Miu = —— = 1.0753 
K = Ca.- Ca РЭ Со? . (M; Jobs 72.54 
“ с-а) Suppose degree of dissociation at the given concentration 
or ex [Ke Е кыы = 0.065 _ isa. Then, oy FCo0H == CH, FCOO™ + H" 
C 0.3264 Initial moles C mol L'! 0 0 
To calculate van't Hoff factor Moles at equilibrium C(1— 9) Ca Са 
CH,CH,CHCICOOH <= СН,СН,СНСІСОО + H* Total moles = C(1 — о) + Ca + Ca = C(1 + a) 
Initial moles 1 0 0 : TL T 
Moles at equilibrium — (1— a) | a а *t C 
Total moles =1-а +0 +0 =1+0 ог a =i- 1= 1.0753- 1= 0.0753 
= 2 
j21*9 2449 = 1+ 0065= 1065 y, ,[CH,FCOOT [HI CoCo Са. 
Theref 1 —- * [CH,FCOOH] C(l-a@) 1-@ 
erelore, AT, =i. = 1.065x 1.86x 0. = 0. | 
56. (i) (a) The s k ti eae h obey Raoult’s law over the Taking volume of the solution as 500 ml, 
o o 
utions which obey n. Wi (1.195, ! жууш 05M 


entire range of concentration. C= 


(b) It is the excess pressure that must be applied to a 
_ Solution to prevent osmosis. 
(Ш) Given, Molality of AICI, solution, т = 001 m 


Т, =~ 0.068°C, К, =1.86 K kg mol 


ү My V 78 


2 nu | 
_ Со? _(05)(00753) _ 4 97% 10° 
l-a  1- 0.0753 


SUMMARY 


ы А Solution is a homogeneous mixture of two or more substances 
ге. one phase system. 
* Ina solution, there are three types of interaction 
Solvent— solvent Solvent—solute Solute—solute 
= Expressing concentrations 


* % concentration by mass solution = UM. 
wi + ЦА 


* 9% concentration by mass solvent = 100, 


w 
6 
* ppm concentration = 0 W2 _ 
(м + Wo) 
9 
+ ppb concentration = 0 W2_ 
: (v, + м) 
* Molarity = 1000 wa Normality = 1000 w> 
у E, V 


- Formality = number gram formula weight 
volume of solution (in L) 


- Molality = 1000% | ам 
maw, 3 
* Mole fraction (y), = — ^ 
ny + п, 


where, w, = mass of solvent (molar mass m, mol = ^. = m) 
m, 


w. 
w = mass of solute (molar mass m,, mol = — = n,) 
m» 


V = volume of solution in mL, E, = equivalent mass of solute 
* Concentration terms involving mass factors only are temperature 
independent. 
* Normality of acid = molarity x basicity 
* Normality of base = molarity x acidity 
* Solubility of a gas in liquid is defined as the volume of the gas 
(in cm?) which will dissolve in 1 ст? of the liquid to form a saturated 
solution at particular temperature and pressure. 
From Henry's law, solubility of gas = p. ` 
me«porpzKax 
* where, K,, = Henry's constant, x = mole fraction 
* Vapour pressure of mixture of two volatile liquids 
Pa = Da*XA + Pg = Рв°Хв 
Dui = ParXa + Рв-Хв = Pa + Рв 
= рв. + (рд. — Po») XA = Par + (Pe. — Pas) Хв 
Mole fraction of the given component in vapour phase above 
= Parka _ Parka 
Punat Pa:Xa + Рв”Хв 
* If intermolecular attraction of A— Aor B-B and A-B are equal 
then solution of A and Bis ideal. AH, = AV,,, = 0 
There is no deviation from Raoull's law 


* Intermolecular attraction A- A or B-B« A-B 
then vapour pressure of the mixture is less than the expected 


liquid mixture x 4* 


(theoretical value = p,.X4 + pg.-xg)value — a case of negative 
deviation from Raoull's law. 

Hw =- ye AVY. = – хе. 
Intermolecular attraction А– A огВ-В> A - B, then vapour 
pressure of the mixture is more than the expected value – a case 
of positive deviation from Raoult's law. 

AH = + ve А\ = + ve. 
Solutions showing deviations from Raoult's law cannot be 
separated into components by simple or fractional distillation ang 
are called azeotropic mixture. 
Properties, whose values depend only on the concentration of 
solute particles in solution and not on the identity of the solute are 


called colligative properties. Examples are 


' * Relative lowering of vapour pressure 


e Elevation is bp (AT,) 

* Depression in freezing point (AT,) 

* Osmotic pressure (л) 

Vapour pressure of solution containing non-volatile solute 
Psotution = Protent x Xsoivent 

Raoult’s law for Relative lowering of vapour pressure = у, 


= = l2 + = 2 for dilute solution 
p° m+n п 
Elevation in boiling point AT, = 1000 Kw, (I) = molality x К, x i 
mW, 
2 
b 


where, K, (molal elevation constant) = 
100044, 


R =gas constant Т0 = boiling point of solvent 
AH, =latent heat of vaporisation (in heat unit per gram solvent) 
Depression in freezing point 


АТ, = 1000 Kw, (i) = molality xK, x і 
MW; 
RMT? 
К, (molal depression constant) = —— '_ 
0004H, 


Li 
T? = freezing point of solvent 

AH, = latent heat of fusion (in heat unit per gram solvent) 
Spontaneous flow of solvent from dilute solution (or pure solvent) 
into the concentrated solution through a semi permeable 
membrane is called osmosis. Pressure required to prevent 
osmosis is called osmotic pressure (n). 

X4 = лв. Aand Bare isotonic 

тА > ла Ais hypertonic, Bis hypotonic 
Osmotic pressure (л) л =i V RT 


where, n= number of moles of solute, V - volume of solution 
T - temperature, i = мал! Hoff factor 
van't Hoff factor i = [1+ (y — 1) x] 
where, у = number of ions or molecules due to ionisation 0 
association s 
i = 1; when no change i » 1; when dissociation 
i < 1; when association кр 
{ 
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CHAPTER 


PRACTICE Ў 


OBJECTIVE Type Questions 


1 29.2% (w/W) HCI stock solution has density 
of 125 g mL”. The molecular weight of HC] 
is 36.5 тої". The volume (mL) of stock 
solution required to prepare a 200 mL 
solution of 0.4 M HCl is 
(a) 5.0 mL 
(b) 6.0 mL 
(c) 8.0 mL 
(d) 15.0 mL 


2 Ratio of О, апам, in the air is1: 4. Find out 
the ratio of their solubilities in terms of 
mole fractions of О, and N, dissolved in 
water at atmospheric pressure and room 
temperature. 

Ky (05) = 3.30x 10’ torr 

Ky (N,) = 6.60x 10" torr 

(a) 1:2 (b) 2:1 

(c) 1:1 (d) None of these 

J Which one of the following is not correct for 
an ideal solution? 

(a) It must obey Raoult's law 
(b) AH =0 

(c) AV=0 

(d) AH = ДУ #0 


4 Which of the following statements is false? 

(4) Units of atmospheric pressure and osmotic 
pressure are the same 

(b) In reverse osmosis, solvent molecules move 
through a semipermeable membrane from a 
region of lower concentration of solute to a 
region of higher concentration 

(c) The value of molal depression constant 
depends on nature of solvent 

(d) Relative lowering of vapour pressure, is a 
dimensionless quantity 

We have three aqueous solutions of NaCl 

labelled as ‘A, ‘B’ and ‘C with concentrations 

01M, 0.01 M and 0.001 M, respectively. The 

Value of van't Hoff factor for these solutions 

will be in the order ........ NCERT Exemplar 

Dig ci, ci. (b) i, » ig ^ ic 

Qi, a =i, (d) i, «ig » ic 


CASE BASED Questions 
Case | 


Boiling point or freezing point of liquid solution would be 
affected by the dissolved solids in the liquid phase. A soluble 
solid їп solution has the effect of raising its boiling point and 
depressing its freezing point. The addition of non-volatile 
substances to a solvent decreases the vapour pressure and the 


added solute particles affect the formation of pure solvent 
crystals. 


According to many researches the decrease in freezing point 
directly correlated to the concentration of solutes dissolved in 
the solvent. This phenomenon is expressed as freezing point 
depression and it is useful for several applications such as 
freeze concentration of liquid food and to find the molar mass 
of an unknown solute in the solution. Freeze concentration is 
a high quality liquid food concentration method where water 
is removed by forming ice crystals. This is done by cooling the 
liquid food below the freezing point of the solution’s identity. 


The freezing point depression is referred as a colligative 
property and it is proportional to the molar concentration of 
the solution (m), along with vapour pressure lowering, boiling 
point elevation, and osmotic pressure. These are physical 
characteristics of solutions that depend only on the identity of 
the solvent and the concentration of the solute. The characters 
are not depending on the solute's identity. СВЅЕ Question Bank 


The following questions are multiple choice questions. Choose the 
most appropriate answer : 
6. When a non-volatile solid is added to pure water it 
will 
(а) boil above 100°C and freeze above 0°C 
(b) boil below 100°C and freeze above 0°C 
(с) boil above 100°C and freeze below 0°C 
(d) boil below 100°C and freeze below 0°C 


7. Colligative properties are | 
(a) dependent only on the concentration of the solute | 
and independent of the solvent’s and solute s identity, 
(b) dependent only on the identity of the | 
к and the concentration of the solute and 
independent of the solvent s identity. А, 
(с) dependent on the identity of the solvent and solute and, 
thus on the concentration of the solute. 
(d) dependent only on the identity of the ah a the 
concentration of the solute and independent of the 


solute's identity. 


44 


8. Assume three samples of juices A, B and C have 
glucose as the only sugar present in them. The 
concentration of sample A, B and C are 0.1 M, 
эм апа 0.2 M respectively. Freezing point will 
be highest for the fruit juice 
(а) А 
(b) B 
(с) C 
(d) All have same freezing point 


Identify which of the following is a colligative 
property 

(a) freezing point — 
(c) osmotic pressure 


Case Il 


When a non-volatile solute is added to a solvent, the 
freezing point of the formed solution is always lower 
than that of pure solvent. This difference in freezing point 
is known as depression in freezing point. If AT +° is the 
freezing point temperature of pure solvent and Гу is the 
freezing point temperature of the solution whemA 
non-volatile solute is dissolved in it, then depression in 
freezing point (A T,) is given by. 


А I, = TR iz d 


(b) boiling point 
(d) АП of these 


For dilute solutions, АТ; = Kym 
[where, m = molal concentration of the solution] 
In the question that follow Assertion and Reason are given. 
Reason is purported to the explaination for Assertion. Study 
carefully and then mark your answers, according to the codes 
given below. 
Marks your answer as : IS 
(a) Both (A) and (R) are true and (R) is the Correct. 
explanation of (A). 
(b) Both (A) and (R) are true but (В) is пог the correct 
explanation of (A). 
(c) (A) is true but (R) is false. 
(d) (A) is false but (R) is true. 


10 Assertion The freezing point of solution is 
always lower than that of pure solvent. 
Reason Non-volatile solute decreases the 
vapour pressure of the solvent. 


11 Assertion Depression in freezing point is 
depends upon K,. 
Reason It depends molality of solution. 


12, Assertion Cryoscopic constant is also known as 
molal freezing point depression constant (Ky). 
Reason It contains 100g of solvent for 1 molal 
solution. 
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_Or Assertion The depression in freezing point of 


13 


5% glucose is water is 4.08. 
Reason К, is 13.962 K kg mol”. 


Assertion K; is not unit less. 


Reason Unit of K, is K kg mol”. 


ASSERTION and REASON 


ш Directions (О. Nos. 14-21) In the following questions, an 
Assertion (A) is followed by a corresponding Reason (R) Use 
the following keys to choose the appropriate answer. 


14 


15 


16 


17 


18 


(a) Both (A) and (R) are correct, (R) is the correct 
explanation of (A). 

(b) Both (A) and (R) are correct, (R) is not the correct 
explanation of (A). 

(c) (A) is correct; (R) is incorrect. 

(d) (A) is incorrect; (К) is correct. 


Assertion (A) One molar aqueous solution has 
always higher concentration than one molal. 
Reason (R) The molality of a solution depends 
upon the density of the solution whereas 
molarity does not. 


Assertion (A) Aquatic species are more 
comfortable in cold water rather than in warm 
water. CBSE SQP 2021 


Reason (R) Different gases have different Ku 
values at the same temperature. 


Assertion (A) When scuba divers come towards 
surface, their capillaries get blocked which is 
painful and dangerous to life. 

Reason (R) There occurred release of dissolved 
gases as the pressure decreases and leads to the 
formation of bubbles of nitrogen in the blood. 


Assertion (A) Cryoscopic constant depends on 
nature of solvent. 

Reason (R) Cryoscopic constant is a universal 
constant. 


Assertion (A) Ethanol and acetone show positive 
deviation from Raoult’s law. 

Reason (В) Pure ethanol molecule show 
hydrogen bond and on adding acetone hydrogen 
bond between ethanol molecules breaks. 


Assertion (A) Nitric acid.and water form 
maximum boiling azeotrope.,: CBSE SQP 202! 
Reason (R) Azeotropes are binary mixture 
having the same composition in liquid and 


vapour phase. "E 
‘tat " 


solutions 


20 Asse rtion (A) The vapour pressure of 0.1M sugar 
solution is less than that of 0.1M potassium 


chloride solution. 

Reason (R) Lowering of vapour pressure is 
directly proportional to the number of species 
present in the solution. 


21 Assertion (A) NaCl in water and organic acids in 
benzene show abnormal molecular mass. 


Reason (R) Abnormal molecular mags is 
obtained when the substance in the solution 
undergoes dissociation or association. 


22 Assertion (A) Osmotic pressure is a colligative 
property. CBSE 2021 (Term I) 
Reason (R) Osmotic pressure of a solution 


depends on the molar concentration of solute at 
any temperature T. 


VERY SHORT ANSWER Type Questions 


22 Why is osmotic pressure considered as a 
colligative property? 

23 What possible value of ' will it have, if solute 
molecules undergo association in solution? 


24 A person suffering from high blood pressure 
should consume less common salt. Give reason. 


25 What would be the value of van't Hoff factor for 
а dilute solution of Na,SO, in water? 


26 Give an example of solid solution in which the 
solute is a gas. 


27 Why cannot we separate an azeotropic mixture 
by distillation? 


28 дапа p liquids on mixing produced a warm 


solution. Which type of deviation is this and 
why? 


29 What is the sum of mole fractions of all the 
à Components in a three component system? 
0 


What do you mean by parts per million? 


Express the quantity y; = Pi in words. 
уп; 


32 wi 
Will the molality of a solution at 50°C be same, 
ëss Or more than molarity at 25°C? 
What is the molality of NH, in a solution 
qo taining 0.85g of NH, in 100 mL of a liquid of 
“nsity 0.85g 32 


d is the density of 3.60 M sulphuric acid, 
ich is 29% HSO, by mass? 


T5. 


35 Define vapour pressure, 
36 What type of liquids form ideal solutions? 


37 What happens to vapour pressure of water if а 
table spoon of sugar is added to it? 


38 How much urea should be dissolved in 50 g of 
water, so that its vapour pressure at room 
temperature is reduced by 25%? 


39 Why the vapour pressure of the solution is found 
to be less than that of the solvent? 


40 Give two basic differences between ideal and 
non-ideal solutions. 


41 Between2M glucose solution and 1M glucose 
solution, which one has a lower freezing point? 


42 Sodium chloride solution freezes at lower 
temperature than water but boils at higher 
temperature than water. Why? 


43 Are.equimolar solutions of sodium chloride and 
urea isotonic? Give reason. 


SHORT.ANSWER Type I Questions 


44 What type of liquids form non-ideal solutions? 


45 An electrolyte AB is 5076 ionised in aqueous 
solution. Calculate the freezing point of 1 molal 
aqueous solution. 


46 Which out of molality, molarity and mole 
fraction of a solution will remain unchanged and 
why? 

47 Why constant boiling mixtures behave like a 
single component when subjected to distillation? 


48 Write four differences between solutions having 
positive deviation and solutions having negative 
deviations from Raoult's law. 


49 Explain why the boiling point of a solvent is 
increased on dissolving a non-volatile solute into it? 


50 What is the advantage of using osmotic pressure 
as compared to other colligative properties for 
the determination of molar masses of solutes in 
solutions? 


5! A solution prepared by dissolving 1.25 g of oil of 
winter green (methyl salicylate) in 99 g of 
benzene has a boiling point of 80.31°C and К, for 
benzene is 2.53 К kg mol”, Find molar mass of 
the solute. Boiling point of benzene = 80°С. 


52 Calculate the molality of K,CO, solution which is 


formed by dissolving 2.5 g of it in 1 L of solution. 
Density of solution is 0.85 р mL''. 


46 


53 


5+ 


55 


56 


Distinguish between the terms molality апа 
molarity. Under what conditions are the molarity 
and molality of a solution nearly the same? 
Consider the solute-solvent interactions and 
arrange the following compounds in the order of 
increasing solubility in ethanol with suitable 
explanations. 

NaCl, cycloheptane, H,O, CH,COCH; 


Kg value for Ar(g), CO,(g), HCHO(g) 
and CH, (ғ) are 40.39,1.67,1.83х105 


and 0.413 respectively. 
Arrange these gases in the order of their 
increasing solubility and giving suitable reason. 


Why the solubility of Glauber's salt 


'(Na;SO, 10Н,О) first increases upto 324*C and 


58 


59 


60 


61 


62 


64 


then decreases? 

Asolution obtained by mixing 300 g of 25% 

and 400 g of 40% solution by mass. Calculate the 
mass % of the resulting solution. ut 

At 80°С, the vapour pressure of a pure liquid A is 
520 mm of Hg and that of pure liquid Bis 1000 
mm of Hg. If a mixture of A апа B boils at 80°С 
апа 1 atm pressure, then what is the amount of A 
in the mixture? 
A solution of chloroform and acetone is an : 
example of maximum boiling azeotropes. Name 
and discuss the type of azeotrope. 
How many grams of concentrated nitric 
acid solution should be used to prepare 250 mL 
of 2.0 MHNO,? The concentrated acid is 70% 
HNO, 

Define the following terms: 

(i) Isotonic solutions 
(ii) Hypertonic solutions 
(iii) Hypotonic solutions 

A storage battery contains а solution of H,SO,, 
38% by weight. At this concentration, van't Hoff 
factor is 2.50. At what temperature, will the 
battery contents freeze? | 

Four solutions of KSO, with the concentration 


0.1 M, 0.01M, 0.001M and 0.0001M are available. 


For which concentration, there is maximum 
value of van't Hoff factor? 

What is the value of van't Hoff factor for 0.1M 
ideal solution? 


65 


66 


67 


68 


69 


70 
71 


72 


73 


74 
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Calculate the freezing point of an aqueous 
solution containing 10.50 g of MgBr; in 200 g of 
water (molar mass of MgBr, = 184 g, K; for water 


=1.86 K kg mol”). 


SHORT ANSWER Type II Questions 


Discuss biological and industrial importance of 
osmosis. 

Calculate the freezing point depression expected 
for 0.0711 m aqueous solution of Na,SO,. If this 
solution actually freezes at 0.320°С, what would 
be the value of van't Hoff factor? (K, for water is 


186°C mol") 


A 5% solution (by mass) of cane sugar in water 
has a freezing point of 271 K. Calculate the freezing 
point of 5% (by mass) solution of glucose in 
water. The freezing point of pure water is 273.15 
K. (Molar mass of cane sugar - 342g mol and 


molar mass of glucose - 180 g mol") 


Explain with example the concept of minimum 
boiling azeotropes and maximum boiling 
azeotropes. 

Write three differences between ideal and 
non-ideal solutions. 

Explain, how the measurement of depression in 
freezing point can be used for the determination 
of molecular masses of non-volatile solutes? 


(i) Why does the use of pressure cooker reduce 
cooking time? 

(ii) How does уап'ї Hoff factor helps in the 
determination of degree of association or 
dissociation of a solute in solution? 


(i) Define molality in terms of elevation in 
boiling point. 

(ii) Derive the relation between elevation in 
boiling point and the molecular mass ofa 
non-volatile solute. 


(i) If the membrane used for the determination 
of osmotic pressure is slightly torn, how willit 
influence the measured value of osmotic 
pressure? 

(ii) The boiling point of benzene is 353.23 K. 
When 1.80 g of a non-volatile solute was 
dissolved in 90 g of benzene, the boiling point 
is raised to be 354.11 K. Calculate the molar 
mass of the solute. 

(К, for benzene is 2.53 К kg mol") 


solutions 


ç atwhat partial Pressures oxygen will have a 
olubility of 0.05 gL” in water at 293 К? 
[Henry s constant (Ky) for О, in water at 293 K 
iş 34.86 К bar. Assume the density of the 
solution to be same as that of the solvent] 


76 state the law correlating the pressure of a gas 
and its solubility in a liquid. State an application 
of this law. 


77 The solubility of pure nitrogen gas at 25°C and 1 
atm is 6.8x 107* mol 17. What is the 
concentration of nitrogen dissolved in water 
under atmospheric condition? The partial 
pressure of nitrogen gas in the atmosphere is 
0.78 atm. 


78 What mass of NaCl must be dissolved in 65.0 g 
of water to lower the freezing point of water by 
7.50°C? The freezing point depression constant 
(K,) for water is 1.86°C/m. Assume van't Hoff 
factor for NaCl is 1.87. 

(Molar mass of NaCl = 58.5 р mol), 


79 (i) When dehydrated fruits and vegetables are 
placed in water, they slowly swell and return 
to original shape. Why? What is the effect of 
temperature on this process? Explain. 

(ii) Prove that relative lowering in vapour 
pressure of a liquid on addition of 
non-volatile solute is a colligative property. 


LONG ANSWER Type Questions 


80 (i) Why does a solution of chloroform and 


acetone show negative deviation from 
Raoult's law? 


| ANSWERS | 


10 2() 3() 4() 5 (b) 

6 (i) When a non-volatile solid is added to a solvent then 
vapour pressure of solution is found to be lower than 
жы Pressure of the pure solvent at the same 

Perature. It means, water boils below 100°C and 

Teeze above 0°C. 

?@ Colligative 
concentration 
Pressure lowe 
Point elevate 


properties are proportional to the molar 
of the solution, alongwith vapour 

ring, boiling point elevation freezing 
and osmotic pressure. 


e 
Зе are dependent only on the identity of the solvent 

8 (ор * Concentration of the solute. 

еа point of solution is inversely proportional 


t 
0 concentration, 


a 


(ii) State how the vapour pressure of a solvent is 
affected, when a non-volatile solute ís 
dissolved in it? 


(iii) A solution of glucose (CHO, in water is 
labelled as 10% by weight. What would be the 
molality of the solution? (Molar mass of 
glucose = 180 р mol!) 

Sb. тоа: Y and Y boh at 100°C and 120°C 
respectively. Which of them has higher vapour 
pressure at 50°C and why? 

(ii) Calculate the boiling point of a solution 
Prepared by adding 15.00 g of NaCl to 250 g 
water. | 
(K, for water = 0.512 К kg mol"; molar mass of 
NaCl -58.44g) 


(iii) Calculate the lowering of vapour pressure for 
0.1 m aqueous solution of non-electrolyte at 
15°C. (AH = 9.720 K cal тої", p, = 742.96 torr) 


82 (i) Give the differences (any three) between ideal 
and non-ideal solutions. 
(ii) Which of the following solutions will have the 
highest and lowest osmotic pressure? and why? 
(a) Sugar in water | 
(b) Salt in water 
83 (i) What is van't Hoff factor? 


(ii). What possible values can it have if the solute 
‘molecules undergo dissociation? 


(iii) An aqueous solution containing 12.48 g of 
barium chloride in 1.0 kg of water boils at 
313.0832 K. Calculate the degree of dissociation 

, of barium chloride. 


(Given, К, for H,O 2 0.52 K m^; molar mass of 
BaCl, = 208.34 g тог). 


More concentration is lower will be freezing point. So, 
juice A has highest freezing point as it has lowest 
concentration. 


9 (d) Colligative properties are vapour pressure lowering, 
boiling point elevation, depression in freezing point and 
osmotic pressure. Hence, all given options are colligative 
properties. ; 

10 (a) The freezing point of the solution is always lower than 
that of pure solvent as the vapour pressure of the solvent 
decreases in the presence of non-volatile solute. Both (A) 
and (R) are true and (R) is the correct explanation of (A), 


11 (b) Depression in freezing point (AT, eK , хт 
К; х, X 1000 


solute 
Woven XM 


vent solute 


+8 


12 


13 


14 


15 


16 


17 


18 


19 


20 


Ky х ме 


AT, xW, 


solvent 


Ma x 1000 


ute = 

Both (A) and (R) are true but (R) is not correct 
explanation of (A). 

(с) Cryoscopic constant or molal freezing point depression 
constant (K p is defined as the depression in freezing 
point for 1 molal solution, i.e. a solution containing 1g 
mole of solute dissolved in 1000g of solvent. 

Only (A) is true but (R) is false. 


(a) Given, Wore =5р, Maie 7180 g mol! 
АТН =95 E 
1000 


Molality of glucose solution = yee = 0.2924 
Apex xm 7M m 
AT,—13.962 x 0.2924 =4.08 
Both (A) and (R) are true and (R) is correct explanation 
of (A). 
(а) The constant К, is not unit less because it has 
quantities like K, kg and mol. 
Its unit is К kg mol! w FS 
Hence, both (A) and (R) are true and (R) is correct 
explanation of (A). 
(b) Both (A) and (R) are true but (R) is not the correct 
explanation of (A). The correct explanation is that one 
molar aqueous solution has 1 mole in less than 1000 g of 
water. Hence, 1000 g of water will be associated with more 
than 1 mole while 1 molal has 1 mole in 1000 g of water. 


(b) Aquatic species are more comfortable in cold water 
rather than in warm water because the solubility of 
gases decreases with increase of temperature. 


(a) When the divers come towards the surface, pressure 
gradually decreases. This releases the dissolved gases 
and leads to the formation of bubbles of nitrogen in the 
blood. Hence, both (A) and (R) are correct and (R) is the 
correct explanation of (A). 


(c) A is true but (R) is false. 
The value of cryoscopic constant depends on the nature 
of the solvent. Hence, it is not a universal constant. ` ` 


(a) Ethanol molecules show hydrogen bonding. On 
adding acetone, its molecules get in between the host 
molecule and break some of hydrogen bonds between 
them. Due to weakening of interaction, the mixture of 
ethanol and acetone shows the positive deviation from' 
Raoult's law. Hence, both (A) and (R) are correct and (R) 
is the correct explanation of (A). | 
(b) Nitric acid and water form maximum boiling 
azeotropes. This solution shows large negative deviation 
from Raoult's law. Thus, both Assertion and Reason are 
correct and Reason is not the correct explanation of 
Assertion. Ji 
(d) Lowering of vapour pressure is directly proportional 
to the number of species present in solution. Sugar isa 
non-electrolyte however KCl is an electrolyte and 
dissociates in solution to give particles. Hence, there is 


21 


22 


23 


24 


25 


26 
27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 
38 


| All/zgne | CHEMISTRY Class д, 


greater lowering in vapour pressure in case of KC], 
Hence, the vapour pressure of 0.1M sugar solution js 
more than that of 0.1 M potassium chloride solution, 
Thus, Assertion (A) is incorrect but Reason (R) is Correct 
(a) Both (A) and (R) are true and (R) is the correct 
explanation of (A). 


(a) Both Assertion (A) and Reason (R) are true and 
Reason (R) is the correct explanation of Assertion (A). 


Osmotic pressure is a colligative property as it depend, 
upon number of mole of solutes. 


In association, observed molar mass being more than the 
normal, so i has a value less than one (i « 1). 


People taking a lot of salt or salty food experience water 
retention in tissue cells and inter cellular spaces because 


of osmosis. 
Na,SO, == 2 Na' + SO, 


Hydrogen in palladium. 

Azeotropic mixtures have the same composition in liquid 
and vapour phase and boil at constant temperature, 
hence it is not possible to separate the components by 
fractional distillation. 

On mixing A and B produced a warm solution, which 
means heat is evolved, i.e., exothermic. In case of 
negative deviation AH mix< 0, i.e. heat is evolved due to 
the formation of stronger bonds. 

For a given solution, sum of all the mole fraction is 


unity, i.e., х +X, +X +....X; =) 


When a solute is present in trace quantities, the 
concentration is expressed in parts per million (ppm). 
_ Number of parts of the component _ } 


Total number of parts of all 
components of the solutions 


100 


ppm 


Mole fraction of a solution containing i number of 

components is the ratio of moles of ith component and 

the total moles of all the components. 

Hint Molarity decreases with increase in temperature, 

hence, less at 50°C while molality remains constant. 
Moles of solute [Ans 0.597 m] 


Molality 2 ——————— ——— —— 
Mass of solvent (in kg) 
Мол» Number of moles of solute [Ans 1.22g [mL] 


Volume of solution (in litre) 


The pressure exerted by the vapours above the liquid 
surface in equilibrium with the liquid at a given 
temperature is called vapour pressure. 

The solutions which obey Raoult's low over the entire 
range of concentration are known as ideal solution. 


А è 
Hint Vapour pressure decreases, due non-volatile solut 


"2. 9. 
р-р Swi x M, 


Hint Use the equation 
рг w, X M; 


[Ans 41.62 g] 
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RELATED ONLINE VIDEOS 
| MG 


Visit : htlps://youtu.be/YnnS1RqgEv8 


f solid-liquid solution, the surface has both 
vent molecules; thereby the fraction of the 
the solvent molecules gets reduced 


(i) Ideal sol | 
solution do not obey the Raoult's law 


(ii) АН and Amix V 7 0 (ideal solution) 

АН and АУ # 0 (non-ideal solution) 
Hint Higher the concentration, lower is the freezing 
point. 
Non-volatile solute lowers the freezing point of the 
solution and increases the boiling point of the solution. , 
Two solution having same osmotic pressure at a given 
erature are called isotonic solutions. 


: i for NaCl = 2 
oe zu for urea =1 | 


{етр 


Refer to text on page 18. 

[Ans. -2.79°C] 

Refer to text on pages 3 and 4. 
Refer to text on page 19. 


Refer to text on page 19. 

Hint Non-volatile solute decreases vapour pressure of a 
solution. Refer to text on page 26. 

Refer to text on page 29. 

[Ans 152.11 x 10? р mol"!] 

Hint Consider mass number as atomic number. 

[Ans 0.02 m] 

Refer to text on page 4. 

Ans NaCl < Н,О < CH,COCH, < Cyclopentane 


Hint Ar < CO, < CH, < HCHO 


Hint With rise in temperature, it loses water of 
crystallisation. 

[Ans 6.65% ] 

[Ans Mole per cent of A =50%] 


Refer to text on page 19. 


Visit : https://youtu.be/XHI3oxFR2JQ 
OR Scan the Code 


Visit : https://youtu.be/VVP5RpSUN50 
Scan the Code 
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[Ans 45 р] 
Refer to text on page 30. 
[Ans 29.06°C] 


Hint Higher the concentration, lower is the value of 
van’t Hoff factor. 


Hint Consider no dissociation or association 
[Ans = 1] 

[Ans –0146° C] 

Refer to text on pages 29 and 30. 

[Ans 0.397°C, 2.42] 

[Ans 269.065 K] 

Refer to text on page 19. 

Refer to text on page 19. 

Refer to text on page 28. 

(i) Hint It does not let vapours escape 

(ii) Hint van't Hoff factor (i) varies as 
Forassociation, i« 1 — For dissociation, i > 1 
(i) Refer to text on page 27. 

(ii) Refer to text on page 27. 

Hint Osmotic pressure will decrease [Ans 57.5 g mol '] 
Hint p = Kjx [Ans 1.834 bar] 

Refer to text on page 11. 

[Ans 53x10 m] 

Refer to page 27. [Ans 28.678] 

(i) Refer to text on page 29. 

(ii) Refer to text on pages 25 and 26. 

(i) Refer to text on page 19. 

(ii) Refer to text on page 17. 

(iii) [Ans 0.617 m] 

(i) Refer to text on page 26. 

[(ii) Ans 373.53 K, (iii) Ans 0.533] 

Refer to text on pages 19 and 28-29. 

(i), (ii) Refer to text on page 31. (iii) [Ans 83.33%] 


OR Scan the Code 


Visit : https:;//youtu.be/QRYT-QIPBK4 


OR 


Scan the Code 
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ELECTROCHEMISTRY - 


аы is the study of production of electricity from energy 

released during spontaneous chemical reactions and the use of electrical SZ CHAPTER CHECKLIST 

energy to carry out non-spontaneous chemical transformations. A large 

number of metals, sodium hydroxide, chlorine, fluorine and many other D. 

chemicals are produced by electrochemical methods. = e 5 оге 
olution an 


Electrochemistry holds significance even in biological world. Studies have Its Measurements 
shown thar, the transmission of sensory signals from cells to brain and • Electrolytic Cells and 


vice-versa and communication between the cells involves electrochemical Electrolysis 
• Electrochemical Cells in 
Action 


e Electrochemical Cells 


processes. 


| TOPIC 1| Electrochemical Cells 


An electrochemical cell is a device in which chemical energy of the redox 
reaction is converted into electrical energy while electrolytic cell do the reverse. 


Electrochemical cell 
; 1 
Chemical energy ——————— — Electrical energy 


Electrolytic cell 


Batteries and fuel cells convert chemical energy into electrical energy and are used 
in various instruments and devices. The reactians carried out electrochemically 
can be energy efficient and less polluting. Therefore, study of electrochemistry is 
important for creating new technologies that are eco-friendly. 


Note 

A chemical reaction in which 
called redox reaction. In redox reaction, transfer 
The most common electrochemical cell is a galvanic cell or a voltaic cell. An 
improvement of galvanic cell is Daniell cell, which converts chemical energy 
liberated during redox reaction to electrical energy through following reaction, 


Zn(s)+ Cu” (44) —9 Zn ?* (aq) + Cu(s) 


The above reaction generates an electric potential of 1.1 V, when 
i UM, d -3 
concentration of Zn2* and Cu” ions is unity (1 mol dm ~). 


electrons are lost by one substance and gained by another is 
of electrons generate electric current, 


glectrochemistry 


GALVANIC CELLS 


chemical cells which convert the chemical energy 
ntaneous redox reaction into electrical energy are 
ofa раат or voltaic cells. It is composed of two 
as each having different salt solutions, connected 
h һ an electric circuit (consisting of metal electrodes 
xad ducting wire). Oxidation and reduction take 
and a different half-cells, which result in the 
a ment of potential difference between the two 
or » and hence, generates electricity. Here, the Gibbs 
energy of the spontaneous redox reaction is converted. 
into electrical energy which may be used for running а 
motor or other electrical appliances like heater, geyser, — 
fn, etc. An example of this type of device is Daniell cell. 


Daniell Cell 


It consists of zinc rod dipped in zinc sulphate solution 
and a copper rod in copper sulphate solution. These two 
solutions are connected by an electric circuit and a salt 
bridge as shown in the figure. 

Electron tlow 


Solution containing ^ Solution containing 
salt of zinc salt of copper 


Daniell cell having Zn and Cu electrodes dipping in 
the solutions of their respective salts 


Working 


In this cell, an electrode is dipped into the solution of its 

wn salt, this combination is called a half-cell or redox 

e In a half-cell either a reduction or an oxidation 
оп occurs. Oxidation occurs at anode whereas, 


jos s 
n бп occurs at the cathode. The two half-cell 
Cons іп a Daniell cell are: 


0 а (aq) + 27 — Cu(s) (reduction half reaction) 
i) Zn () — Zn P (ag) * 2e. (oxidation half reaction) 
сор 


h 
ыы Per electrode may be called as the reduction 
and the zinc electrode, the oxidation half-cell. 


ео A 
Verall redox reaction occurs as 


The " Cu? (244) + 7п() — Cu ()+ Zn? (aq) 
9 half-cells are connected by a metallic wire through 


a volt 
Mete ; 
T and a switch, externally. The electrolytes of 


5| 


the two half-cells are connected internally through a salt 
bridge. Sometimes, both the electrodes are dipped in the same 


electrolyte solution and in such cases, we do not require a 
salt bridge. 


aac aac 
Salt Bridge 

It is a U-shaped glass tube containing electrolytes 

(KCI, KNO}, NH,Cl, etc.) mixed in some kind of gel (like 
gelatine or agar-agar). It plays an important role in working of 
electrochemical cell as it: 

* completes the circuit and 


* maintains the electrical neutrality of solutions in each of the 
respective half-cells. 


Salt bridge added in Daniell cell was as an improvement of 
original galvanic cell. In original cell, electricity flow stops 
after some time as positive charge accumulates at oxidation 
half-cell and negative at reduction half-cell which balance the | 
redox free energy and hence, stops the redox reaction. But 
when salt bridge is present, it provides anions and cations to 
respective half-cells thus, maintaining the neutrality of both 
the half-cells. 


— RUPE PARES 1.2 72.8 Ne а 


Å= — 


An electrical potential energy of 1.1 V is generated from the 
Daniell cell, when the concentration of Zn ?* and Си” ions 
is 1 moldm ? . Ifan external opposite potential is applied to 
the galvanic cell and increased slowly, we find that the 
reaction continues to take place till the opposing voltage 
reaches the value of 1.1 V, the reaction stops altogether and 
no current flows through the cell. 


Any further increase in the external potential, again starts 
the reaction but in opposite direction. It now functions as 
an electrolytic cell, a device for using electrical energy to 
carried out non-spontaneous chemical reactions. Hence, an 
electrochemical cell can behave like an electrolytic cell, 


when Ё. > E 


Functioning of Daniell Cell in Presence 
of External Voltage 


Following three cases are possible when Е, is applied: 


cell * 


Case | When the external potential is lower than 1.1V. 
Under this condition, electrons flow from Zn rod to 
Cu rod. Hence, current flows from Cu to Zn. Zinc 
dissolves at anode and copper deposits at cathode, 


Case |l When the external potential is equal to 1.1V. 
Chemical reactions in the cell stop and there is no 
flow of electrons or current. 


Case II] When the external potential is more than ДУ. 
The reactions get reversed and so, the polarity of 
the electrodes. This cell is then called an 
electrolytic cell. Now, electrons flow from Cu to 

‚ Zn and current flows from Zn to Cu. Zine is 
deposited at the zinc electrode and copper dissolves 
at copper electrode. 
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SOME IMPORTANT TERMS 
RELATED TO CELL 


Electrode Potential 
At cach clectrodc-electrolyte interface, metal ions in the 
os have a tendency to leave the electrolyte and 
eposit on the electrode, trying to make it positively 
mm БЕ at the metal electrode, the metal 
atoms lose electrons, making the electrode negatively 
charged and metal ions formed go to the electrolyte. 
As a result of this, a separation of charge occurs at the 
electrode. Depending on the net charge at the 
equilibrium, the electrode may be positively or 
negatively charged with respect to the solution. In this 
way, a potential difference develops between the 
electrode and the electrolyte. This is called the 
electrode potential. 


Standard Electrode Potential 


The electrode potential under the conditions of unit 
concentration (1M) (i.e. the concentrations of all the 
species involved in a half-cell is unity) at latm pressure 
and 25°C (298 К) of all the species in the half-cell is 
called the standard electrode potential. According to 
the IUPAC convention, standard reduction potential 
of a cell is now called the standard electrode potential. 
The value of the oxidation potential of the same cell 
reaction will be the same with the reversed sign. 


Cell Potential 
In Daniell or galvanic cell, the anode is the negative 
electrode and the cathode is the positive electrode. So, 
there exists a potential difference between the two 
electrodes. The potential difference between the two: 
half-cells is called the cell potential and is measured in 
volts . [t is the difference between standard reduction 
potential of cathode and standard reduction potential 
of anode. 

-E 


o 
anode 


Ее н = Е ы 
When switch is in the on position, the flow of 
electrons is from negative electrode to the positive 
electrode and the direction of current flow is opposite 
to that of electron flow. 


Electromotive Force (emf) of a Cell 
It is the potential difference, when no current is drawn 
through the cell. It is measured in volts (V). 


EMF - Reduction potential of cathode — Reduction 
potential of anode 
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It depends upon the following factors : 
(i) nature of metal and its ions 
(ii) concentrations of electrolytes used 


(iii) temperature 


Cell Representation 

While representing the galvanic cell, the anode is written on 
the left and the cathode on the right. A vertical line 
separates the metal from the metal ion (electrolyte solution) 
and a double vertical line indicates a salt bridge connecting 
the two half-cells (two electrolytes). The state of the metal 
and the solution is written with the concentration of the 


electrolyte in parenthesis. 
Ед = Е right (cathode) ^ E left (anode) 

Let us consider an example to understand the concept. 
Write the chemical reaction 
Cell reaction 

Cu(3)--2Ag*(a4) —> Cu* (aq) + 2Ag(s) 
Split the reaction into two half-cell reactions. 
Half-cell reactions 
At cathode (reduction) : 

2Ag' (aq) + 2e ^ —— 2Ag(s) 
At anode (oxidation) 
Cu(s) —9 Cu” (ag) +2e7 
Represent the complete reaction according to the 
conversion discussed above. 
Cu(s) | Cu?* (aq) || Ag * (aq) | Ag(s). 
The ЕМЕ of the cell can be represented as 
Еа = Erigh — Elet 
For cell reaction; 
Cu(s) + 2Ag * (aq) —> Cu p (aq) + 2Ag(s) 
Ещ = Е Е 


Step I. 


Step ЇЇ. 


Step Ш. 


Ав? /Ag T С» / сМ 


EXAMPLE |1| (i) Formulate the electrochemical cell 
representing the reaction, 
2Cr(s) + 3Fe** (ag) —> 2Cr?* (aq) + 3Fe (s) 


o 


(ii) Calculate Е, „1. “All India 2008 С 
: o S E 
[Given, E аз уа = 0.74 V, E? i уте = –0.44 V]. 
Sol. (i) Representation of the given cell, : 
Cr(s) | Сг?*(а4) || Fe** (aq) | Fels) 


(ii) Ecu = Eag TER ' 
o == К (rd "m 
As, Et ICr = —0.74 V › Е° 2 [Fe = —0.44 V 
=- 0.44- (— 0.74) 


=-044 + 0.74 = 0.30 V 
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easurement of Electrode Potential 
gor to compute the emf of a cell, we have to apply 
n б 
elationship 
the r Ед = Eg 7 lek 
individual cell emf cannot be measured. It is 


ial difference between the two electrodes that 
ble in a circuit by a voltmeter. 


However, 
the orent 
is measura 
Therefore, in order to measure the half-cell potential, 
the other half-cell in this set up has to be assigned an 
arbitrary value. This is done by assigning a potential of 
zero called a Standard Hydrogen Electrode (SHE). 
Therefore, the potential difference recorded in the 
voltmeter in a cell circuit, one half-cell of which is the 
standard hydrogen electrode, is attributed to the other 
electrode. 
The SHE is represented as: 

Pc (s) |H4(g)|H* (aq) 


in which the reaction occurs as ; 
H*(ag)* e^ — 2 Hale) 
and is assigned a zero potential at all temperatures. 


The construction of the SHE is shown in the figure 
below: 


н; (9) at 
1 bar 


1.00M H* 


9o о 
9590,90 


e 
o 


Finely divided platinum 
coated on platinum foil 


Standard Hydrogen Electrode (SHE) 


SHE consists of a platinum electrode coated with 
platinum black. The electrode is dipped in solution of 
IM H* ions and pure Н, gas is bubbled through it at 
1 bar pressure. The concentration of both the reduced 
and oxidised forms of hydrogen is maintained at unity. 
At 298K, the emf is measured by combining the SHE 
of the anode with another half-cell of the cathode, 
resulting into the standard reduction potential of the 
other half-cell (cathode). In this manner, half-cell 
potentials are measured. .. 

ЕМЕ of the cell = Eli = Ер - Ет 

АЕ] for SHE is zero, E°= Ер — 07 ER 

The superscript degree (°) indicates standard conditions. 


т „с, i 
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Calculation of emf of the Cell: 


If we take the example of Daniéll. cell, « | 
(i) The measured emf of the cell, 
РФ)|Н, (д, Ibar)|H* (aq, 1M)]|Cu?* (aq, 1M)|Cu 
and the value for the standard electrode potential of 
the half-cell reaction, 
Cu? (aq, 1M) + 2e^ —> Cu(s) is equal to 0.34 V. 
(ii) Similarly, the measured emf of the cell, 

Pt(s)|H P (g, Ibar)|H* (aq, 1M)]|| Zn * (aq, 1M)| Zn 
and the value for the standard electrode potential of 
the half-cell reaction, 

Za^ (aq, 1M) + 2е7 — Zn(s) is equal to – 0.76V. 
(iii) The positive value of the standard electrode potential 
in the first case indicates that Cu?* ions get reduced 
more easily than Н? ions. In other words, we can say 
that hydrogen gas can reduce copper ion under the 
standard conditions. Thus, Cu does not dissolve in 


НСІ, In nitric acid, copper is oxidised by nitrate ion 
and not by hydrogen ion. | 


(iv) The negative value of the standard electrode potential 
in the second case indicates that H*ions can oxidise 


zinc. In other words, we can say that zinc ions can 
reduce hydrogen ions. 


(v) Taking sign convention, the half-cell reactions for the 
Daniell cell can be written as: 


Zn(s) — Zn d (а4,1М) + 2е 
(at left electrode) 
Cu (aq,1M)+2e — Cu(s) 
(at right electrode) 
The overall cell reaction can be written as: 
' Zn(s) + Cu?* (ag) — Zn?* (aq) + Cu(s) 
EMF of the cell = E, = Eg -EL 
20.34 V -(-0.76)V=1.10V 


Note 

Some metals like platinum or gold are used as inert electrodes. They 
do not participate in the reaction but provide their surface for oxidation 
or reduction reactions and for the conduction of electrons, e.g. 


Pt is used in hydrogen electrode : Pt (s)|Hz (g)|H* (aq) 
3 1 
with half-cell reaction, Н* (ag) ce" — 5 (9) 


Bromine electrode: Pt (s)|Br; (aq)|Br (aq) 
with half-cell reaction, B. (aq)* e^ —> Br (aq) 


"a^ d 
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ELECTROCHEMICAL SERIES 
AND ITS APPLICATIONS 


The arrangement of various standard half-cells in the 
order of their decreasing values of standard reduction 
potentials is called electrochemical series. 
Standard electrode potentials at 298K 
(Electrochemical series) 


Reaction (oxidised form 4 жнын IN ry 


Ес) + 2e7 — F 2.87 
Co* + e` — Co** 1.81 
HD, + 2H*+ 2е- — 2H0 1.78 
MnO; + 89 + 5ег —> Мп2* + 4HO 1.51 
Au** + Зе” —— Au(s) 1.40 
са) + 2е- Lx DE" 1.36 
CnOÍ-414H*4 бег —> 2С%*+ THO 1.33 
Одо) + 4H* + 4e^ — 2HD 1.23 
Мп д) + 4H* + 227 —> Mn?*+ 2HO 1.23 
Br + 2е” — 2Br | `1.09 
_ | NO; + 4H* + Зе- —— NO (g) + 290 0.97 К 
5, 2Hg?* + 2е- — Hg?* ^ 0.92 5 
о | 40° +е- —> Ад (s) o8 S 
-E | ғе?°+е- — Fe?* 077 -E 
15 | Oxg)+ 2H* + 2e7 —4 BD, 0.68 3 
© [+ 207 — a 054 а" 
$|or«e —> Cu (s) 0.52 5 
= Cu** + 2e7 — Cu (s) 0.34 E 
E AgCI (s) + e^ —— Ag (s)+ Cl” 022 8 
eo | AgBr(s)«- e^ —— Ag(s)+ Br 0.10 bp 
E 2H" + 2e7 — Hg) 0.00 E 
E | Рр2+* + 2е- —> Pb(s) -013 5 
= | Sn? + 2е- —> Sn (s) 014 = 
М?” + 2e7 — Ni (s) -0.25 
Fe?* + 2e7 —> Fe(s) -0,44 
Cr? * + Зе” —> Cr (s) -0.74 
Zn? * + 2e7 —> Znis) -0.76 
ZHD + 2e^ —> H2(g) + 20H- (aq) —0.83 
А? * + Зе” — А! (s) -1.66 
Ма?” + 2е- —> Mg(s) -2.36 
Na* «e^ — Na (s) -2.71 ` 
Са? + 2e7 — Ca (s) -2.87 
K'"«e —> К (s) -2.93,, 
Ш? +е- — Li (5) -3.05 


Note () Negative £* means that the redox couple is stronger 
reducing agent than Н” / Н, e.g. Zn (-0.76). E 
(i) Positive E* means that the redox couple is a weaker 
reducing agent than Н? / H5, e.g. Ag (+ 0.80) ., 
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Standard half-cell potential values give various of 
information. If the standard clectrode potential of an 
electrode is greater than zero, then its reduced form is 
more stable as compared to hydrogen gas. Similarly, if 
standard electrode potential is less than zero (negative 
value), hydrogen gas is more stable than the reduced for 
of the species. p 
Standard reduction potentials of half-cells are arranged 
from the highest (positive) value to the lowest (negative) 
value in a table. More negative the emf value, stronger js 
the reducing agent. The more positive the emf value, the 
weaker is the reducing agent as it is compared to H* /H " 
As one goes from top to bottom in the table in which 
electrochemical half-cells are arranged in the order of 
highest reduction potential to the lowest, the reducing 
power increases, whereas from the bottom of the table to 
the top, the oxidising power increases. 

In other words, we can say that, from top to bottom in 
the table, the standard electrode potential decreases and 
with this, decreases the oxidising power of the species on 
the left and increases the reducing power of the species 
on the right hand side of the reaction. Electrochemical 
series also helps to predict the feasibility of a redox 
reaction, thermal stability of metal oxides and spontaneity 


of an electrochemical cell by choosing the half-cells with 
appropriate £? values. 


Uses of Electrochemical Cells 


These are used for determining the pH of solutions, 
solubility product, equilibrium constant and other 
thermodynamic properties and for potentiometric titrations. 


NERNST EQUATION 


The equation which gives the relation between electrode 
potential, temperature and concentration of metal ions is 


called Nernst equation. 
Nernst Equation for Electrode Potential 


The standard potentials are always measured under 

standard conditions, i.e. when the pressure of a gas is 
1 atm, concentration of ions is 1 mol dm? and the 
temperature is 298 К. However, practically standard 
conditions are hardly achieved or used. According to 


Nernst, the electrode reaction is : 


M"*(ag)- ne. —9 M(s) | 

The electrode potential measured ágainst standard 

hydrogen electrode, can be written as 

NT s „M1 
(M"*IM) (MIM) nF [M"*] 


цгобһепи5Ну 


known as the Nernst equation. 
This p [М J = | 
for PU И RT 1 | 
(M"* 1M) т "EM" ] (1) 
is the standard reduction potential of 
is the universal gas constant having 

9314 JK mol, n is the number of electrons 

wm ed in the reaction, T is the temperature in K, 
io is he concentration of the metal ion M"*, 


(М рве Faraday constant whose value is 
aoo mol" (approx.). 
‘ag logarithm to the base 10 value, Eq. (i) becomes, 
ae 2,303RT, 1 
EsEUe——— lo 


nF [M nt ] 
Ar T=298K, and putting values of all constants, we get, 
0.059 1 
95 nt 
n М") 


Е=Е°% 


Nernst Equation for emf of a Cell 
For the cathode of Daniell cell, the emf is 
RT | 


gr = — In —————— 
E Е cut ica "2F * (Co? * (2) 


(Cu?* /Cu) 


For the anode of Daniell cell, the emf is 


coni ott Esa O, 
E ai Zo) p (Zn? * /Zn) 2F [Zn?*(a4)] 
The cell potential of the Daniell cell is given by 
Eu = Е сы?*сш) E E 2n2* Zu) 
Jape ana nipi sur. des 
Аш) ~ 2F ^ [Cu?* (ag)] 
1 
— Е° oe + КТ In е 
(20212) ^ 2F — [Zn?*(ag)] 
К SUE? E 2 
cell Z (Cu? + /Си) Tj (Zn? * /Zn) Г 2F 
| | In | 
LM дылы. э EUN 
[Cu?*(ag] ^— [Zn^*(ag) 
pw. pu ,Un^] 
cell cell 2F [Cu?*] 
AT =298 K, od 


f^YJ. 


0.059 | [Zn?*] 
— — — lo 
cll 7 2 8 [Cu?*] 
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According to the above equation, , 
e E is directly dependent upon concentration of 


2+ : 4 
Cu“ and inversely dependent upon the concentration 
of Zn?* ions. L 


* Ea decreases as temperature decreases and number of 
electrons involved in the reaction increases. 
For a general electrochemical reaction of the type, 


aA+bB —"—, (C4 4D 
The Nernst equation can be written as: 


TE. 
E е = Е -rR 


RT a {C}(D)* 
— —— |n 


> Ba = Es —— 
"nF CAM [By 
At T 2298 К, 
c d 
p, = Boy, ~ 0.0592 gg (EVID 


n' (Al‘[BE 


EXAMPLE |2] Calculate emf of the following cell at 25°C 
Fe|Fe?* (0.001M)|| Н * (0.01M) |Н, (g) (1bar)|Pt(s) 

' Eget pre) =— 044 V; E° uu н = 000V Delhi2015 
Sol. For the given cell representation, the cell reaction will be 

Fe (s )2- 2H*(aq) —9 Fe”*(aq)+H,(g) 
The standard emf of the cell will be, 
Её uo E*4 70-(-0.44) = 0.44 V 
The Nernst equation for the cell reaction at 25°С, 


о 
Е Fe?* /Ее > 


0.0591, [Fe?*] 
E_, =E°, —-——log—— 
cell cell n MIT: 
| 001 
L aa tg 
2 [0.01]? 


= 0.44— 0.02955 (log10) 
= 0.44 — 0.02955 (1) 
= 0.41045V = 0.41 V 


[.log10- 1] 


Equilibrium Constant from 
Nernst Equation 
In Daniell cell, the following reaction takes place 

Zn(s)+ Си?* (aq) —9 Zn ii (aq) + Cu(s) 
As the time passes, the reaction proceeds. The concentration. 
of Zn” keeps on increasing and the concentration of Cu* 
keeps on decreasing. At the same time, voltage of the cell on 
the voltmeter keeps on decreasing. After sometime, there is 
no change in the concentration of Cu tand Zn“ ions and 
at that time, voltmeter gives zero reading. 
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At equilibrium, when there is no current in the circuit, 
a Daniell cell shows zero potential in the voltmeter. 


2.303 АТ. [7һ?*] 
Th . =0=F2, -—— ——I 
erefore, E, =0 cell 2F "B tCu?* ] 
_ 2.303 RT | [Zn?*) 


т Ёа,=— ор Ecu] 


At equilibrium, for the reaction 
Zn(s)+Cu** (a4) ——э Zn” (ag) + Cu (5) 
[2һ?* ] 
[Cu?*] 
Therefore, at 298 K, the above equation can be written as: 
0.0591 


= Кс 


о 


cell = 

which gives the Kç value as: 
(1.1V x2) 

log Kc = ———__— 
БАИТ 
Кс 22x10? ас 298 К 


Such a high value of Kç shows that the reaction has 
proceeded almost to the completion before attainment of 
equilibrium condition. 


log Kc =1.1V 


— 37.288 


Hence, the value of Kç determines the extent of cell 
reaction. In general, at equilibrium 


o 2.303 RT 
ap = log Ke 
nF 


Thus, the above equation gives a relationship between 
equilibrium constant of the reaction and standard 
potential of the cell in which that reaction takes place. 
Thus, equilibrium constant of the reaction is difficult to 
measure otherwise, can be calculated from the 
corresponding E° value of the cell. 


м^ Concentration Cells 


Two electrodes of the same metal dipped separately into two 
solutions of the same electrolyte having different 
concentrations and the solutions are connected through salt 
bridge, such cells are known as concentration cells, e.g. 
copper ion concentration cell. 


Cul Cu** (С) 1 Си?* (С)! Cu 


En = 0.0591 ое 2, where С, > С and E” „= 0 
п 


The electrode placed in high concentration electrolyte acts as 
cathode and that placed in low concentration electrolyte acts 
as anode. 
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EXAMPLE |3| Calculate the equilibrium constant 
the reaction. ч 


Fe(s) + Cd**(ag) == Fe? (aq) + Cd(s) 

" o EN o 
[Given, E Cd?*/cd -— == 0.40V, E зур == 0.44 ү] 
Delhi 2009; Foreign 2004 


(i) First, find E? by using formula, 


о pro o 
Есы =Evignt — Бек OF ESthode — Еде 


(ii) Find log Kc by using formula, 
о _ 0.0591 


cell = 


(iii) Find Кс using antilog table. 


Sol. E -3 ratios i ook 
=— 0.40- (— 0.44)= - 0.40 + 0.44= 0.04 V 
0.059 
cell = log Kc 
n 
БО m pe log Ke = 0.04 

x 0. 
or log Kc — HM 1.356 

0.059 


Кє = antilog 1.356 = 22.70 


Electrochemical Cell and 
Gibbs Energy of the Reaction 


When a cell reaction takes place, electrical energy is 
produced. Thus, electrical work done by the cell results 
in corresponding decrease in the free energy of the cell. 
Electrical work done in one second is equal to the 
electrical potential multiplied by total charge passed. 


To obtain maximum work from a galvanic cell, charge 
has to be passed reversibly. The reversible work done by a 
galvanic cell is equal to the decrease in its Gibbs energy. 
Let nF is the amount of charge passed, Е is the emf of 
the cell and A,G is the Gibbs energy of the reaction, then 
A,G = — nFE 

Under standard conditions (i.e. when molar 
concentration of all reacting species is unity at 298 K), 
the emf of a cell is related to the Gibbs free energy as: 

А,@° = – пЕЕ° . 
where, n is the number of electrons involved in the 
reaction and F is the Faraday’s constant. 


The relation between cell potential (E° „q ), free energy 
(АС) and equilibrium constant is given by 


or A,G? =- 2.303 RT log Kc 


as AG? = nFE? a and E? = AM log Kc 


cell 


ijectrochenistry 


n intensive property but AG is an extensive 

e ip^ amic property whose value depends on n. 
10 ; 

therm ite the reaction 

us, if we weirs асаб 


()* Cu2* (ag) —9 Zn" (aq) + Cu(s), 
А,С=-2ЕЕ, l 
write the reaction, 
2Cu?* (ag) — 2Zn ?* (aq) + 2Cu (9, 
| (— A,Gz- 4ЕЕ 
If the concentration a » и NE species is unity, 


then cel : 
and we have А,С°=-п ЕЕ? 4 


о. measurement can give us the value of 
thermodynamic quantity, A,G°, standard Gibbs energy of 
the reaction which latter help in the calculation of 
equilibrium constant by the equation, A,G°=— RT In К. 


But when we 


2Zn(s)+ 


cell 


IMPORTANT POINT 
At the stage of chemical equilibrium in the cell, E,. = 0 
A,G = -nFEg = -nF x 0 = 0 


The reaction is feasible only, when 
Е.а = positive or A,G = negative. 


EXAMPLE |4] The standard electrode potential (Е °) 
for Daniell cell is +1.1 V. Calculate, the A G? for 
the reaction. . | 

Zn(s) + Cu^* (ag) ——> Zn (aq) + Cu(s) 


(1 Е= 96500 С mol!) = AllIndia2013 


TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 
Í. Zn(s) + Cu" (aq) — Zn?*(aq) + Cu(s) 
The above redox reaction is used in 


(a) Galvanic cell (b) Daniell cell 
(c) Voltaic cell (d) All of these 


2. The difference between the electrode potentials 
of two electrodes when no current is drawn 


through the cell is called....... NCERT Exemplar 
(а) cell potential 1. (b) cell emf 
(©) potential difference‘ (d) cell voltage 


(a) Nature of metal, . 


(c) (b) temperature of solution 
©} molarity of solution `- 


(d) All of these 
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Sol. Zn(s)+Cu’* (aq) ——95 Zn” (aq) + Cu(s) 
E°= + 1.1 V, AG? =? 
ІР = 96500 C mol'!, n 22 
AG? = - nFE? =- 2x96500 x I.1 
= –212300 J mol! 


EXAMPLE [5| Calculate the cell emf and 4,G° for the 
cell reaction at 25° C. 
Zn(s) | Zn% (0.1M)]| Cd2*(0.01M) |Cd(s) 
[Given, Ё° г. 2, =- 0.763 V, 
сауса =— 0.403 V 
1F- 96500 C mol, 
R- 8.314 JK! mol] 
All India 2009C 


Find Eon = Е° au, – E° ma Чеп, A,G* by using 
formula, 4,G? = - nEs 


Sol E*4- Even —E%n 
=- 0403- (- 0.763) 0.36 V 
0059, [Zn^ (7)] 


Е.а = Ёаў = og —— 
"REM 
B ol 0.059 0.1 
Ёл = 0.36- log — n=2 
cell ә 50.01 [ ] 


Е = 0.36- 0.0295 log 10 
= 0,36— 0.0295x 1= 0.3305 V 
A,G° =- nFE $y =- 2х 96500х 036 
=- 69480 ] mol”! =-69.48 kJ mol 


4. | xm of the reaction is 
Zn() + Cu? (ag) — Zn" (aq) + CU); 
[IF E, s. en = -046, Ec s. уо = 0.34 V] 


(a) озу | (- 076V (Q +1107 (d - 110 


5. Using the data given below find out the 
strongest reducing agent. NCERT Exemplar 
E%q,0? a" = 133V; Еа, a> = 136V 
Е°мао ма? 2151V; Еа ja 2 -0.74V 
(a) Cl” (b) Cr (с) Ст” (d) Ма“ 
6. The standard reducing electrode potentials of 
three metallic cations, viz x, y and z are +0.52, 
-3.03 and -148V respectively. The order of 


reducing capability of the related metals is . 
(а) y>z>x (ф)х>у>: (c)z>y>x — (d)z>x>y 
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7. Inan electrochemical process, a salt bridge is uscd 
(а) as a reducing agent: Delhi 2020 


(b) as an oxidising agent 
(c) to complete the circuit so that current can flow 
(d) None of the above 

S. Forthe reaction, M"'(aq) «ne^ —+ M(s), select 
the best suitable representation of Nernst 
equation, when the solid M is taken. 


= pe RT [M] 
(a) Ee м E n м nF ш [A"*] 

И RT 1 
(b) E м Eie IM AF In Гм") 
(с) Е Е° КТ In [М"*] 


M** ум “Бмл, 7 nF [Aq] 


E пе RT ir 
ast pag 7 ЕЁ p 7 nE- In [M""] 
9. Calculate the equilibrium constant for the reaction, 
Zn(s) + Cu™ (aq) —› Zn% (aq) + Cu(s) 
[Given, E24, - 1.1 V] 
(a) 2x10? (b) 2x10 (с) 2x10? (ау 2x10? 
1О. The electrode potential is known as standard 
electrode potential 
(a) when it is reduction potential (according to IUPAC) 
(b) when concentrations of all the species involved is unity 
(c) when it is oxidation potential (according to IUPAC) 


(d) Both (a) and (b) 
VERY SHORT ANSWER Type Questions 


11. Represent the galvanic cell in which the reaction, 
Zn(s) + Cu?* (aq) —> Zn” (aq) + Cu(s) takes place. 
Delhi 2013 C 
12. Arrange the following metals in the order in 
which they displace each other from the solution 


of their salts. 
Al, Cu, Fe, Mg and Zn NCERT 


13. Ifa reaction has an equilibrium constant К « 1, 
then E° is positive or negative? What is the value 


of К, when E°=0V? 
14. Under what condition, 
Еа = OorAG- O0? NCERT Exemplar 
SHORT ANSWER Type I Questions 


15. Can you store copper sulphate solution in a zinc 
pot? NCERT Intext 


16. Given the standard electrode potentials, 
K' /K=- 293 V, Ag’ / Ар= 0.80 V 
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Hg?’ / Hg= 0.79 V, Mg? / Mg-- 2.37 V, 


Crt /Cr-- 074 У 
Arrange these metals in their increasing order of 
reducing power. NCERT 


17. Following reactions can occur at cathode during 


the electrolysis of aqueous silver nitrate 
solution using Pt electrodes: 
Ag*(aq)+e —— Ag(s); E° = 0.80 V 


H*(aq) +e — ; Hj(g); E° = 0.00 V 


On the basis of their standard electrode 
potential values, which reaction is feasible at 
cathode and why? All India 2017С 


18. Calculate the potential of hydrogen electrode in 


contact with a solution whose pH is 10. 


19. Calculate the emf of the cell in which the 


following reaction takes place. 
Ni (s) + 2Ag” (0.002 М) Ni™ (0160M) + 2Ag(j 


Given that, Eeu = 105 V NCERT Intext 
20. Use the data to answer the following and also 
justify giving reason: AllIndia 2019 
Cr Mn Fe Co 
Eh, 09 "ив -044 -028 
Eae 04 +157 +077 +197 


(a) Which is a stronger reducing agent in 
aqueous medium, Cr^* or Ее?* and why? 

(b) Which is the most stable ion in +2 oxidation 
and why? 


SHORT ANSWER Type II Questions 


21. How would you determine the standard electrode 
potential of the system Mg™/Mg? NCERT Intext - 
22. Write the Nernst equation and emf of the 
following cell at 298 K. 
(i) Mg (s) | Mg” (0.001 M) || Cu?* (0.0001 M)ICuG) 
(ii) Fe (s) | Fe?* (0.001 M)IIH* (1 М)ІН, (е) 
(1 bar) | Pt (s) 


Given that, EMg?*/Mg =~ 2.36 У, 
E?» 20.34 V, Её 2, =-0.44V 
Qv */ Cu , Fe**/Fe 
Delhi 2013; NCERT 


23. Write the cell reaction and Nernst equation for 
the cell reaction in the Daniell cell. How will the 
E, be affected when concentration of Zn?* ions 
is increased? ОДА NCERT Exemplar 


gjocrochemistr 


e the emf of the following cell at 25°С 
*(103 M)I| Cu^* (10 M)| Cu(s) 
cell = +0.46 V and log10" =n. 
All India 2013 
5 calculate the emf of the following cell at 298 K. 
acr(s) 4 3Fe^ (0.1M) — 2Cr**(0.01M) + 3Fe(s) 


yen, E° ss gy 074V, Ера) 27044 V 
Given, Эс) бе Б) — Delhioo]g 


Calculate А,С° and log K, for the following 


Jat 

4, calcu 
: Ag(9)| ^E 
Given, E ° 


reaction : 
ca?* (ag) + 2n() — Zn^* (aq) + Cd(s) 
Given: E? 2- са 7-0403V 


=-0.76 
Ena? а ыр, All India 2019 
97. Inthe button cell, widely used in watches and 
other devices, the following reaction takes place 
Zn (s)+ Ар;О (s)+ Н:0(0) — Zn?' (aq) 
+2Ар (s) -20H (aq) 
Determine E? and AG? for the reaction. 
(Given, E Ав -4 0.80 V, E^ +/In ^ -0.76 V) 
NCERT; Delhi 2012 
28. Calculate A,G° and log Кс for the following 
reaction at 298 K. 


2Cr(s) + 3Cd?*(aq) —> 2Cr**(aq) + 3Cd(s) 


(Given: E2,, = + 0.34 V, Е = 96500 C mol” 
All India 2017 C 


29. Calculate the standard cell potential of a 
galvanic cell in which the following reaction 
takes place 

2Cr(s)+ 3Cd?* (ag) —> 2Cr** (aq) + 3Cd(s) 
Calculate A,G° and equilibrium constant, K of 
the above reaction at 25°C. 
[Given, E%,3+) с, =- 0.74 V, E оса =- 0-40 V, 
1F= 96500 C mol] 

30. The cell in which the following reaction occurs, 
2Fe** (aq) «2I (ag) —9 2Fe”* (aq) * (s) 
has Е° у 20.236 V at 298 К, calculate the 


standard Gibbs energy and the equilibrium 
constant of the cell reaction. NCERT Intext 


LONG ANSWER Т ype Questions 


3 (а) When a bright silver object is placed in the 


solution of gold chloride, it acquires a golden 
tinge but nothing happens when it is placed 
in a solution of copper chloride. 


» 


Explain this behaviour of silver. 


[Given: С? /си = + 0.34; E м =+0.80V, 
EP a+ au 7 140 V]: 
(b) 
Zinc 
plate жы 
Salt bridge 
Ад“ (aq) 
Zr?* (aq) 


Consider the figure given above and answer the 
following questions: 
(i) What is the direction of flow of electrons? 
(ii) Which one is anode and which one is cathode? 
(iii) What will happen if the salt bridge is 
removed? 
(iv) How will concentration of Zn?* and Ag* ions 
be affected when the cell functions? 


(v) How will concentration of these ions be 
‚ affected when the cell becomes dead? 
Delhi 2017 C 


32. Depict the galvanic cell in which the reaction 
Zn (s)+ 2Ag'(aq) —9 Zn? (aq) + 2Ag(s) 
takes place. 
Further show 
(i) which of the electrode is negatively charged? 
(ii) the carriers of the current in the cell. 
(iii) an individual reaction at each electrode. 
NCERT 


33.- Using the standard electrode potentials, predict 
if the reaction between the following is feasible. 


(i) Fe*(aq)andr(aq) — (i) Ag'(aq) and Cu (s) 
(iii) Fe (aq) and Br'(aq) (iv) Ag (s) and Fe* (aq) 
(v) Вад) and Ее? (aq) 
Given standard electrode potentials, 
Ev 1j, T = 0.541 V, ER + = 0.34 V, 
Eja Bry, t = 1.09 У, EN*.A - 0.80 V 
P Бүр, re? * = 0.77 ү 
34: Calculate the standard cell potentials of galvanic 
cell in which the following reactions takes place 
(i) 2Cr(s)+ 3Cd** (aq) — 2Cr** (aq) + 3Cd 
| (ii) Fe? (aq)* Ag’ (aq) — Ее? (aq)* Ак @) 
Calculate the A,G? and equilibrium constant for 
these reactions. NCERT 


NCERT 


| HINTS AND EXPLANATIONS 


1. (а) Galvanic cells are also known as volt 


Daniell cell. Tl aic cells, e.g. 


ле reaction Occuring in this cell is 
; Zn(s)+ Cu?* (ag) —› Zn^' (aq) + Cu(s) 
* (b) The diff , 
airs а cen the electrode potential of 
ч о ` 

cell is called cell one current is drawn through the 
3. (d) El i 

| А а of any electrode depends on 
К molarity and temperature of solution. 

* (o For the Given reaction, 
E° n. o : _ ро 
сеп Съ 2+ ису Zn 2* 124 
= 034 ~(-0.76)= 4110V 

5. (b) Here, out of given four options standard 

reduction potential of chromium has highest negative 

value hence most powerful reducing agent is 
6. (a) More (—)ve be the value of standard reduction 

potential, stronger be the reducing strength (ability). 

Hence, correct order is y»z»x. 
7. (с) In an electrochemical process, a salt-bridge is used. 

(i) To complete the circuit, so that current can flow. 

(ii) To maintain the electrical neutrality of the solution 

in the half cells. 


8. (b) Electrode potential of an electrode is measured 
with respect to standard hydrogen electrode by the 


expression 
= ро КТ [MAE 
PT Был» ум СОЕ In [M"*] D 
but concentration of solid M is taken as unity 
° RT 1 
зо, ; E ЫТ, MENM ARF [M"*] 
‚059 
9. (с) E’ =s 2 log К 
1.1х 2 
zs log Ке = = 37.288 
EC 0.059 | 
Thus, Kc = 2x10" at 298 К 


10. (4) According to IUPAC convention when it is 
reduction potential and when concentrations of all the 
species involved is unity, then electrode potential is 
known as standard electrode potential. 


11. The galvanic cell for the given reaction is 


Zn | Zn?* || Cu?* | Cu 
Anode Sali Cathode 
bridge 
12. The order in which the metals displace each other from 


their salts solution is 
Mg, Al, Zn, Fe, Cu 


"E 


13, 6600591 К 
п 
If К< 1 (say 0.01), then 
-2x 0.0591 
po = 04591 toy 001 4 2X 09 
n n 


E? is thus negative. 
If E° =0V, then K =1 

14. At the stage of chemical equilibrium in the cell. 

15. No, zinc pot cannot store copper sulphate solution 
because the standard electrode potential (E°) value of 
zinc (-0.76 V) is less than that of copper (-0.34 V). So, 
zinc is stronger reducing agent than copper. : 

16. The lower the reduction potential, the higher is the 
reducing power. 

Ag«Hg«Cr«Mg«K 

17. Ag*(aq)+e —> Ag(s); E? = 0.80 V. 

Reaction is feasible at cathode because it has higher 
reduction potential. 


m 1 
18. For hydrogen electrode, H* c e^ —> = H, 


Applying Nernst equation, 
0.0591 1 
= Fo = 
E uann) n Fut лн) 3 log [Н] 
: 1 
ze 0.0591 log : 
1 (107 1?) 


(^ pH 210, [H*] 2 107 M) 


.0591 
=0- = х (10 log 10) = — 0.591 V 
Thus, E at лэн) =— 0.591 V 
19. From the given cell reaction and Nernst equation, 
i 0.0591, [Ni^*] 
Ei Е сей = log [Ag* y 
= 105 y. 90591 ү, (0.160) 
2 (0.002)* 
0.059 
- 105-297 log (4х 10*) 
0.0591 


=105- ——— (4.6021) 


=1.05— 0.1352 0.915 V 
E. = 0.915 V 


20. (a) - Reactivity series is made on the basis of standard 
reduction potential (E?) and E? for Cr is more (-)ve 
than that of Fe. Thus, Fe get reduced and Cr get oxidised, 
in other words Cr is a stronger reducing agent. 

(b) Among the given ions, the ion with more (-) ve value 
of E? (red.) will loose the electron more easily, thus is 
more stable in (+) 2 oxidation state. Hence Mn in (*)2 
oxidation state is the most stable species. 


actrochemistry 


pl 


Lee 
up an el 


e of Mg" * / Mg electrode is determined by setting 
ectrochemical cell. 


Voltmeter 


Flow of electrons 
Salt bridge 


«— Н, gas at 
1 bar pressure 


1M HCI Ao) | Pt foil — 


solution 


1M MgSOs 
solution 


The cell may be represented as: 
Mg | Mg?*(1 М) H*(1M)| Н (1 bar), Pt (s) 
The reading given by voltmeter, gives Е“, 
Fea SE Hti) -E úg?” iMp 
2 


-n F° ELI 
=0- Egi Mp = E(ug?* Mp 


22. (i) For the given cell, the half-cell reactions will be given 


as below: 
At anode Mg —9 Mg’? + 2е7 


At cathode Cu?* + 2€ —> Cu 
Therefore, the overall cell reaction will be 

Mg+ Си?* —> Mg’*+Cu 
The Nernst equation is 


0.0591, [Mg^] 
Е = -= log ——— 
cell cell " Б [Cu?*] 


Еш = [0.34- (-.2.36)] - еы, om 
= 2.71— 0.0295 log(10) = 2.7- 0.0295 
= 2.68 V 
(ii) Fe(s)| Fe^*(0.001 M) || H*(1 M)| H;(g) (1 bar) | Pt (s) 
Е а = 053 V (approx) 
Refer to above solution in (i) 
23, Zn(s)+ Cu?* (aq) — Zn^' (ag) * Cu(s) 
Ёш decreases when concentration of 21 ions is 
increased, Refer to text on page 55. 
24, Еу = 03125V. Refer to solution 22 above. 


, 0059, [Cu’* 
Use E 1 = E24 Um шш] 
[Ag] 


25. с TAS ; 
Since, oxidation of Cr is taking place in the given 
reaction, the chromium electrode is anode and Fe gets 
reduced in the reaction, so, Fe electrode is cathode. 


` The half-cell reactions are as follows 
At anode a. i Cr— > Cr+ Be ]x2 


Atcathode Fe? + 2e —> Fe]x 3 


6l 


Overall reaction . 
2Cr+ 3Ре?* —» 2CP* + 3Fe 


Ее ы, ES =- 044- (- 0.74)= 0.3 V 
0.0591, (Cr*f 
-—— log —— 
п [рер 
Here, п = number of electrons transferred іе. 6. 


0.0591, (0.01)? 
zoa dog! Y= 03098 V =031V 


6 (0.1)? 
26. Given, Estee =- 0.403 V 
Е? 2.5, =- 0763У 
Есад = - 0.403- (-0.763) 
Есад = 036V 
А,С°`= - nFE с 
where п = number of moles of electrons used 
n= 2 (Here) 
F = 96500 C mol" 
^ A,G? = – 2 х 96500 x 0.36 = 69480 J / mol 


E=E° 


0.0591 0.0591 
log Kc = 12.18 
27. Since, Е ез > et , the zinc electrode is the 
anode. The half-cell reactions are as follows: 
Atanode  Zn—> Zn** «2e 
Atcathode Ар’ +e —9 Ag 
Overall cell reaction is 
Zn42Ag! —9 Zn/^*« 2Ag 
Е = E cathode = E ste 
=080V - (- 076) V 21.56 V 
AG? = - пЕЕ?° д 
= — 2 X 96500 C mol! x1.56 V 
= - 301080 J mol” ' 
= = 301.08 kJ mol” ' 


28. A,G° =- nFE oy n=6 
= – 6 x 96500 C/mol x 0.34 V 
= - 196860 J/mol or ~ 196860 kJ / mol 


^L Е° = 0.059 V/n x log Ke 


034V x6 
Ке = = 34.5762 
log Ke = 059ү 
29, Refer to solution 28 [E° n = 034V and AG? = -19686 
2.303 RT 
kJ mol”! and using the formula, Ez = log K, 
K can be calculated.) 
К 23192 x10" 
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30. Two half reactions for the given redox reaction may be 
written as: 


2 Fe *(aq) + 20 —› 2Fe? *(aq) 
2T —> I, + 2е- 
2 moles of electrons are involved in the reaction, so 
n=2 
A,G° = — пЕЕФ д 
= – (2 mol) x (96500 C mol" ') x (0.236 V) 
= — 45548 CV = — 45548 J 
A,G° =- 45.55 kJ 
AG? 
2.303 RT 
(— 45.55 kJ) 
2.303 х (8.314x 107 *kJ K^ !) x (298 К) 


Kc = antilog (7.983) = 9.616 x 107 


log Ке = – 


= 7.983 


31. (a) E° value of silver (Е ^ Ае +080 V) is lower than 


that of gold, hence silver displaces gold 

( E? 43+ PELA 140V), which gets deposited on the 

silver object. 

E? value of copper (E? ;, cy = +034) is lower than 

that of silver, hence silver cannot displace copper from 

its solution. 

(b) (i) Electrons flow from Zn to Ag plate. 

(ii) Zn acts as anode and Ag acts as cathode 

(iii) Cell will stop functioning | 

(iv) Concentration of Zn?* ions will increase and that of 
Ag* ions will decrease. 


(v) No change 
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32. Refer to text on page 51. 
33. The reaction will be feasible, if emf of the cell reaction j, 
positive. 


1 
(i) Fe?*(aq) + F(ag) —9 Fe?*(aq) + = L 


o = po „Е° 
Fou =Ёрз+ gg E 21,1 


= 0.77 — 0.54 
— 0.23 V (feasible) 
(ii) 2Ag*(aq)+ Cu(s) —9 2Ag(s) + Cu? *(а4) 
Ещ = Binet sng — E'c.1* ‚сы 


= 0.80— 0.34 = 0.46 V (feasible) 
(iii) Fe**(aq)+ Вг (ag) — Fe" (ag) 7 Br, 
Кол = Epot pet T EU Bey Be 
= 0.77 — 1.09 
=— 0.32 М (not feasible) 
(iv) Ag (s)+Fe**(aqg) —> Ag*(aq) + Fe^*(aq) 
Еш Врз e — Egg 

= 0.77 — 0.80 = — 0.03 V (not feasible) 

(v) 5 Br,(aq) + Fe^*(ag) —> Br + Ее?* 


Ещ = ЕЧ Bry 1 Be —ERS ge 
= 1.09— 0.77 = 0.32 V (feasible) 
34. (i) Refer to solution 28 on page 61. | 
[Е° ш = +034V, A,G° = —19686 kJ, Kc = 317 x10™] 
(ii) Refer to solution 28 on page 61 
[Eo = +003 V, A,G°= -2895 kJ, Ke =3.22] 


| TOPIC 2| Conductivity of Electrolytic 
Solution and Its Measurement 


CONDUCTANCE OF 
ELECTROLYTIC 
SOLUTIONS 


Before introducing the concept of conductance of ‚ 
electricity through electrolytic solutions, we must revise 
few terms related to conductance of electricity which we 
have studied in physics. 

Resistance It is defined as the hindrance provided by a 
conductor in the passage of current, Every substance 
offers resistance to the flow of electricity to a small or 


large extent A substance which offers greater resistance 
а 1 


will allow less electricity to flow through it. The electrical 
resistance, R of any object is directly proportional to its 
length, / and inversely proportional to its area of 
cross-section, A. Thus, 


l 

R=p— 
LI . * LI й А 

Неге, р is resistivity (specific resistance) of the object 

Resistivity It is defined as the resistance offered by a 


substance of 1m length with area of cross-section equal 


К< — or 


Thus, resistivity (р) = nÁ 
l 


glectrochemistry 


cm? 
Units of resistivity = ohm X c = ohm cm or 
Qa or тіп SL unit | 
It be seen that 


1 Qm =100 Ост or 1 Ост =0.01 Om 
AC recommends the term resistivity over 


eof resistance. | 
Conductance The ease with which current flows 


through а conductor is known as its conductance 
e inverse of resistance. 


(©. ] is th 


] 
Suhitiuting > by Gand Бук, we have the 


equation as: 
A 
G=K— 
l 
The SI unit of conductance (С) is Siemens (5). It 


can be also written as ohm (О!) or mho. 
Conductivity The inverse of resistivity is called 


conductivity, K, also known as the specific 
conductance or conductivity. It can be defined as 
the conductance of a solution of 1m length with 


arca of cross-section equal to 1m. 
ie  G=x (when, 21m and A= 1m?) 


1 
K=- 
p 1 | 
Units of conductivity (к) = = ohm іст”! 
ohm -cm 
or Q^! cm! 


In SI units, / is expressed in m, area of 
cross-section in m? so that the unit of 
conductivity is S стг! 


(The SI unit of conductivity is $ т”! but quite often, 


K is expressed in S cm^!. 1S cm! 21008 т^?) 


The magnitude of conduction depends upon the 

lee of the material. It also depends upon the 

5 ee and pressure at which the 

iu ements are made. Materials are classified 
Conductors, insulators and semiconductors. 


I depends on the magnitude of their conductivity. 


Different Types of Materials 


Conductors The substance which have very large 
conductivity are known as conductors, e.g. metals and their 
alloys, certain non-metals like carbon-black, graphite and 
Some organic polymers are electronically conducting. 


Metallic Conductors In metallic conductors, the flow of 
electricity takes place due to the flow of electrons only, i.e. no 
flow of matter. Thus, the matter does not decompose. Due to 


the vibration of Kernels, the electrical conduction decreases 
with decrease in temperature. 


Electrolytic Conductors In electrolytic conductors, the flow 
of electricity takes place due to the flow of charge, i.e. matter 
decomposes into ions. The electrical conduction increases 

with increase of temperature due to increase in dissociation. 


Insulators The substances which have very low conductivity 
are known as insulators, e.g. glass, ceramics, etc. 


Semiconductors The substances which have conductivity 
between conductors and insulators are known as 
semiconductors, e.g. silicon, doped silicon and gallium 
arsenide. 


Superconductors The substances which have zero resistivity 
or infinite conductivity, are known as superconductors, e.g. 
metals and their alloys at very low temperatures (0 to 15 К). 
Now a days, a number of ceramic materials and mixed oxides 
show superconductivity at temperatures as high as 150 K. 


Electronic Conductance 


Electrical conductance through metal is due to the movement of 
electrons and termed as electronic or metallic conductance. It 
depends upon the nature and structure of metal, number of 
valence electrons per atom and temperature (it decreases with 
increase of temperature). 

Pure water has very low conductivity but when electrolytes are 
dissolved in water, they furnish their own ions in the solution, 
hence its conductivity increases. The conductance of electricity 
by ions which are present in the solutions is called electrolytic 
or ionic conductance. 

The conductivity of electrolytic solutions depends on the nature 
of the electrolyte, size of the ions produced and their solution, 


nature of the solvent and its viscosity, concentration of the 


electrolyte and temperature (it increases with the increase in 


temperature). 

As the electrons enter at one end and go out through the other 
end, the composition of the metallic or electronic conductor 
remains unchanged. The mechanism of conductance through 
semiconductors is more complex. Passage of direct current 
through ionic solution over a prolonged period can lead to 
change ій its composition due to electrochemical reactions, 


^í 


6+ 


Measurement of the Conductivity 
of Ionic Solutions 


The unknown resistance of a conductor can be measured 
using Wheatstone bridge. However, the resistance of an 
ionic solution from which we calculate its conductance, 


will be difficult to measure. 


Usually, we encounter two major problems. Firstly, 
passing direct current (DC) changes the composition of 
the solution. Secondly, a solution cannot be connected 
directly to the bridge. The first difficulty is resolved by 
using an alternating current (AC) and the second 
Problem is solved by using a specially designed vessel 
called conductivity cell which has two platinum 
electrodes coated with platinum black as shown in figure. 


Connecting 
wires 


Electrolyte 
(shade portion) 


Platinized Pt 
electrodes 


Platinized 
Pt electrode 
Two different types of conductivity cells 


Platinized Pt electrode 


The area of cross-section of these electrodes is A and they 
are separated by a distance, /. Thus, the resistance of 
column containing electrolytic solution between the 
electrodes is given by 


Raps or уҹ: 7 
A Kr A 


The quantity — is called the cell constant. It is denoted 
by the symbol С *. The cell constant will be given by 
G*= E RXxK 
A 


Unit of cell constant (G*) = m ^! 


Measurement of Cell Constant 
For measuring the cell constant, the resistance of the cell 
is measured with KCI solutions whose conductivity at 
different temperatures and concentrations is already | 
known. 

Then, the resistance of an electrolyte can be measured 
by using a cell that is based on Wheatstone bridge 


principle. 
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Measurement of Unknown Resistance 

In the given figure, R, is the resistance of the electrolyte 
to be measured, R} and А; are known resistances and R, 
is the variable resistance which is adjusted until no 
current passes through the circuit. O is the source of AC 
power called oscillator. Under the no current condition, 
minimum or no sound can be heard from the earphone, 


P (a detector). 
Conductivity cell 


Arrangement for measurement of resistance 
of a solution of an electrolyte 


R, R 
When no current passes, — = —- 
R, R, 
RR 
Therefore, R= 
К, 


Once the cell constant and the resistance of the 
electrolyte in the cell are known, the conductivity of the 
cell is given by, 

. Cell constant _ G* 


R R 


The conductivity of a solution depends upon the charge on 
the ions, size of the ions in which they dissociate, 
concentration of ions and the ease with which ions move in 
the solution under a potential gradient. In other words, the 
same electrolyte will show different conductivity at different 
temperatures and in different solvents. 


Molar Conductivity 

Molar conductivity of a solution is the conductance of 
solution containing one mole of electrolyte, kept between 
two electrodes having unit length between them and large 
cross-sectional area, so as to contain the electrolyte. 


In other words, molar conductivity is the conductance of 
the electrolytic solution kept between the electrodes of a 
conductivity cell at unit distance but having area of 
cross-section large enough to accommodate sufficient 
volume of solution that contains one mole of the 


electrolyte. It is denoted by А. 


glctrochemistry 


: apr] x: . 
ressed in О Im ог Sm7! unit and the 


cis eXP . а х 
ЕЕ табов, C in mol m ^, then the unit of A,, will 

nets Е 
P qr ’m mol or $m? mol. 
К кх1000 

Ay = M 

here, M is the molarity of the electrolytic solution. 
x 1 Sm 2 mol”! =10* $ст 2mol7! 

or, 1 Sem?mol™ -107* Sm^mol! 


EXAM 


js 555 x 10 alc 
and molar conductivity. 


2 


(i) Calculate area from radius by using, А = mr 


(ii) Calculate resistivity from the formula, p = UE 


(iii) Calculate conductivity (к) from resistivity as к = 1/p 


(iv) Calculate molar conductivity, A, by using the formula 
кх 1000 


т M 


A2 
Sol Area, A 7 nr! = м5) ст? = 0.785 cm? 


«е RA 
Resistivity, p = d 
3 2 
.555x 10 2 x 0.785 eM" _ ро 1350 cm 
50 cm 


1 E Ё 
—— Qr! cmal 


1 
Conductivity, к=—= 
p 87.135 


‚^^ 2001148. Q! cm 


= 1148х 107 S cm! 

Molar conductivity, 

Kx1000 1.148x 107° х 1000 
M 0.05 


= 229.6 S cm? mol" 


Variation of Conductivity and Molar 
Conductivity with Concentration 


Conductivity always decreases with decrease in 
concentration (i.e, with dilution) of both the strong 
and weak electrolytes. This is due to the fact that the 
number of ions that carry current in a unit volume of 
solution always decreases with decrease in 
concentration, The conductivity of a solution is the 
Conductance of a unit volume of the solution, kept 
es we platinum electrodes with unit area of 
mol cuon and ага distance of unit length. The 

ar conductivity is the conductance of that volume 


Am = 


PLE |1| The electrical resistance of a column of 
0.05 MNaOH solution of diameter 1 cm and length 50 cm 
| 3 Q. Calculate its resistivity, conductivity 
` All India 2012 
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of the solution which contains one mole of the 


electrolyte. Conductivity is expressed as, G KA =к (both 
ў 


А and / are unity in their appropriate units іл т or cm) 
while molar conductivity is expressed as A, =KV 


It is because A,, SE " [land A=V 
[volume containing 1 mole of electrolyte] 


Molar conductivity increases with decrease in concentration 
(i.e. with dilution). This is because the total volume V of 
solution containing one mole of electrolyte increases. 


Note 

When the concentration approaches zero, ће molar concuctwity 
reaches a limiting value, known as limiting molar conductivity and is 
denoted as A7, .. 

Variation in Л, with Concentration 

(for Strong and Weak Electrolytes) 


For Strong Electrolytes 
Practically strong electrolytes completely dissociate ar all 
concentrations. For strong electrolytes, A,, increases slowly 
with dilution. This can be represented by equation, 
Debye-Huckel-Onsager equation. 

A, =A% -AVC 


If we plot A,, against VC, we get a straight line with slope 
as А” and intercept as ‘AS, ’. The value of constant А 
depends upon the type of electrolyte. i.e. the charges on the 
cation and anion produced on the dissociation of 
electrolyte in the solution. 

Thus, NaCl, CaCl,,MgSO, are known as 1-1, 2-1 and 2-2 
electrolytes, respectively. All electrolytes of a particular type 
have the same value of A. 


o Am (5 ст mof) 


С — 


Variation of AL with VG for KCI (strong electrolyte). 


For Weak Electrolytes | 
The electrolytes which do not ionise completely in aqueous 
as well as in molten state are called weak electrolytes, e.g. 


H,CO,, CH,COOH, ete. 


A weak electrolyte (like acetic acid) is not completely 
dissociated at all concentrations. With dilution, the degree of 


dissociation increases, resulting in increase in the number of 
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ions. In case of weak electrolytes, the А. value increases 
steeply with dilution, especially in the low concentration 
region. In this region, the graph of weak electrolytes in a 
plot of A „ against JC becomes parallel to the Y-axis. 


So, the limiting molar conductivity of a weak electrolyte 
cannot be determined by extrapolation of the plot. At 
infinite dilution (С — zero) electrolyte dissociates 
completely (a — 1), but at such low concentration the 
conductivity of the solution is so low 
that it cannot be 

measured accurately. 


It is rather determined by applying 
the Kohlrausch law of independent 
migration of ions. Through 
Kohlrausch law, we can determined 
A т values of weak electrolyte 
(discussed later in this chapter). 


0 ҮС — 
Variation, of Am with VC 
for weak electrolyte 

(CHCOOH) . : 


Degree Of Dissociation 

The ratio of molar conductivity (A,,) at a specific 
concentration (C) to the molar conductivity at infinite dilution, 
i.e. limiting molar conductivity, A°, is known as degree of 
dissociation. 2 

At any concentration C, if œ is the degree of dissociation, then 


^m 


for a weak electrolyte, а = POM 


m 
Since, for a weak electrolyte, 


K.= Са? zd CAm __ Mw 
BTW 4 . o o WW? 
а-в) үде ye m3 Af, (Ain А) 


т 


KOHLRAUSCH LAW 


Kohlrausch examined A$, values for a number of strong 
electrolytes and found that for a pair of electrolytes with 
the same negative ion but differing only in the positive ion, 
the difference berween the Л values is constant. 

o 
xs А (NaCl) = Am (KBr) ~ Am (NaBr) 

o 
= Аку 7 тима) 
= -1 
= 23.4Q7'cm’mol ! (S cm ^mol ^!) 
Similarly, with a common cation, the difference between 
A9. values is also found constant. 
A (NGC 

— ІА m (NaCl) 
(Scm mol’) 


o 
e.g. A m(KCl) 


= Алмай) 
218 07 'cm^mol! 
The above observation led to formulate the Kohlrausch 
law of independent migration of ions. 


lt states that “limiting molar conductivity of an electrolyte 
js sum of the individual contributions of the cation and 
We anion of the electrolyte". | 


A^ Kb) — Ако) 
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e.g. A onc) = Ам * ^ d- 

where, A^, (Naci) is the molar conductivity of NaCl and 
A? + and A°,- are limiting molar conductivity of 
sodium and chloride ions respectively. 


In general, if an electrolyte produces v, cations and 
v_ anions, the above equation becomes 


A9, = МЕД +у_А° 


Applications of Kohlrausch Law 
Some important applications of Kohlrausch law are as 


follows : 
(i) The molar conductivity of weak electrolytes at infinite 
dilution can be calculated by using Kohlrausch’s law. 
(ii) Degree of dissociation of weak electrolyte (like acetic 
acid) at a given concentration can be calculated. 
(iii) Knowing the degree of dissociation (0), the dissociation 
constant (K) of the weak electrolyte at a given 
concentration of the solution, can be calculated. 


(iv) Solubility of sparingly soluble salts can be calculated as 


solubility 
E 


m 


EXAMPLE |2] Calculate AÑ, for acetic acid, 


Given that, A% (ноу = 426 Scm? mol" 


o = 2 -1 
Ал (мо) = 126 5 ст mol 
An (снзсоома) = 91 Scm? mol!  Delhi2010 
Sol. А (cii coog = А + + Acn, coo“ 
B d Nou coo t Ay + 7 ^a- 7 Anas 


= Aic) + Ас усоом) 7 Am euch 
— (4264 91— 126) S cm? mol! 


= 391 S ст“ mol! 


EXAMPLE [3] Conductivity of 0.00241 M acetic acid 
solution is 7.896 x 10^ ?S ст”!. 
Calculate its molar conductivity in this solution. If A7; 


for acetic acid be 390.5 S cm? mol^!, what would be its 
dissociation constant? NCERT Delhi 2008; All India 2008 


(i) First, find molar conductivity using the formula, 
Co EX 1000 


C 


(ii) Then, find degree of dissociation (о) and dissociation 


constant (К, ) by using formula, ™ i>. ' 
c 2 
а = An and К, = ca” respectively. 
AS 1-а 


т 
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| Given к = 7.896% 105 Sem”, 
i = 390.5 S cm? mol! 


AY, (cH COO 


and Molarity (M) = 0.00241 M 
lar conductivity, 
Me c NX 1000 7.896x 1075 ст! x 1000 
" Molarity — 0.00241 M (mol em ?).. 
X, = 32.76 5 cm? mol” 
Degree of dissociation, 
c 
_ Кы 23276 TET, 
AC 390.5 


m 


| TOPIC PRACTICE 2| - 


OBJECTIVE Type Questions 
1. Select the appropriate statement(s) about ionic 


conductance. 
(a) It is the conductance of electricity by ions present in the 


solutions 
(b) It depends on nature of solvent, its viscosity and 


concentration of electrolyte — | 
(c) It depends upon the size of ions produced and solvation 


(d) All of the above , 

2. 'At 25°C the specific conductivity of N/50 KCl 
solution is 0.002765 mho cm”, the resistance of cell 
with solution is 400 © then cell constant (л) will be 
(a) 0.533 cm (b) 1.106 ст?! 

(c) 2.212 cm! (d) None of these 


3. Unit of specific conductance is 
(а) cm "ohm! (b) cm ohm equivalent ! 
(c) cm! ohm * (d) cm? ohm 

4, The conductance of electrolytic solution kept 
between the electrodes of conductivity cell at unit 
distance but having area of cross-section large 
enough to accommodate sufficient volume of 
solution is called 
(a) limiting molar conductivity 
(b) molar conductivity 
(c) conductivity 
(d) All of the above 


5. Which of the following option will be the 
limiting molar conductivity of CH;COOHif the 
limiting molar conductivity of CH,COONa is 
91 S ст2пю[!? Limiting molar conductivity for 


individual ions are given in the following table. 
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For dissociation constant of acetic acid, CH,COOH 
CHCOOH == CH,COO + Н! 

Initial cone, c 0 0 

After time t, C - Са Ca Са 


Dissociation constant, 
_[CH,COO Jtr] 
(CH,COOH] 


.,0.00241 (8.4% 102)? 
(1- 0.084) 


K, 21.86» 10° 


_S.No. lons Limiting molar conductivity/ S ст?тог' 
dst Ht pu cw TEE 
ze NN mi 
3 K | 73.5 
4 OH ERN 


(b) 375.3 Scm^ mol ' 
(d) 340.4 Scm^ mol ' 


(a) 350 Scm?mol! 
(c) 390.5 Scm*mol? 


Two electrolytes X andY are diluted. A,, of Y 
increases 1.5 times and for X it increases 25 
times. Predict the strong electrolyte among X 
and Y. 


(а) X 


(b).Y 


к (c) Both (a) and (b) 


oo 


(d) There is no effect of dilution on nature of 
electrolyte 


The resistance of the cell containing KCl 
solution at 23°С was found to be 55 О. Its cell 
constant is 0.616 cm''. The conductivity of 
KCl solution (07! стг!) is 
(a)1.21x10? (b)1.12x107(c) 1.12x107 (d) 121x107 
Kohlrausch give the following relation for 
strong electrolytes : 

^= ^97 ANC 


Which of the following equality holds? 
| Delhi 2020 


(b) л = ^, as С — © 


(d A =A yg asC— 1 


(a) ^ 2^o as C — YA 
(c) A =^ as С — 0 
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VE : 
КҮ SHORT ANSWER Type Questions 


9. 


1O. 


12. 


Wh i 
E current is used for measuring 
ance of an electrolytic solution? 
NCERT Exemplar 


НУ does the conductivity of a solution 
ecreases with dilution? NCERT Intext 


Suggest a way to determine the A2, value of 


water. 
is NCERT Intext 


The conductivity of 0.20 M solution of KCI, at 


298K, is 0.0248 S cm'!. Calculate its molar 
conductivity. NCERT; Delhi 2013 


SHORT ANSWER Туре I Questions 


13. 


14. 


15. 


16. 


17. 


18. 


SHORT ANSWER Type П Que 


19. 


Solutions of two electrolytes ‘A’ and ‘B’ аге 
diluted. The A,, of 'B' increases 1.5 times while 
that of A increases 25 times. Which of the two is 
a strong electrolyte? Justify your answer. 


Graphically show the behavior of ‘A’ and ‘P’. 
CBSE SQP (Term II) 


Calculate the degree of dissociation (a) of acetic 


acid, if its molar conductivity (Am) is 


39.05 S cm? mol”. 
Given : Z(H*) = 349.65 ст? mol! 


and 2° (CH,COO^) - 40.9 S ст? mol" 


The conductivity of 0.001 M acetic acid is 
4х 105 S/cm. Calculate the dissociation constant 
of acetic acid, if molar conductivity at infinite 
dilution for acetic acid is 390 S cm?/mol. 

Delhi 2013 C 


Delhi 2017 


conductivity cell containing 
0.001 M KCI solution at 298 К is 15000. What is 
the cell constant, if the conductivity of 0.001 M 


KCI solution at 298 К is 0.146 x10? S cm? 
Delhi 2012; NCERT 


The resistance ofa 


ation of molar 


olyte with 


Explain with a graph, the vari 
All India 2019 


conductivity of a strong electr 
dilution. 

Write the slop 
log [Ro] /[R] vs time for a first orde 


e value obtained in the plot of 
r reaction. 
Delhi 2020 


stions 


nductivity cell, when filled 
e x, is1002 


lled with 
resistance 


The resistance of a co 
with 0.05 M solution of an electrolyt 


at 40°C. The same conductivity cell fi 
0.01 M solution of electrolyte y, has a 


20. 


21. 
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of 50 О. The conductivity of 0.05 M solution of 


electrolyte x is 10x 10 S cm ^. 


Calculate 
(i) cell constant. 
(ii) conductivity of 0.01 M y solution 


r conductivity of 0.01 M y solution 


(iii) mola 
All India 2008 C 


ch the following ` 


Represent the cell in whi 
°for the cell 


reaction takes place.The value of E 
is 1260 V. What is the value of Ecen? 
d?*(0.1M) —э 3Cd(3 + 2AP*(0.01 M) 


2Al(s) - 3C 
CBSE SQP (Term II) 


Conductivity of 2.5x 10* М methanoic acid is 
5.25x 10-5 S cm. Calculate its molar 


conductivity and degree of dissociation. 
Given: A*(H*) = 349.5 5 cm? mol”! and 
A*(HCOO")- 50.5 5 cm?mol !. All India 2015 


LONG ANSWER Type Questions 


22, 


23. 


24. 


25, 


(i) What is limiting molar conductivity? Why 
there is steep rise in the molar conductivity 
of a weak electrolyte on dilution? 
(ii) Calculate the emf of the following cell at 
298 K: 
- Mg(s)|Mg?* (0.1 M) II Cu?* (1.0 x10? M) | Cu(s) 


[Given = Е$ = 2.71 V] Delhi 2017 C 


The conductivity of 0.001 mol L™ solution of 
CH,COOHis 3.905 x10? S cm”. 
Calculate its molar conductivity and degree 
of dissociation (a) Given, 

A*(H*) = 349.6 Scm?mol” and 

2°(CH,COO) = 40.9 $ст?тогГ1!. 

Define electrochemical cell. What happens if 
external potential applied becomes greater than 
Е of electrochemical cell? All India 2016 
Define conductivity and molar conductivity for 
the solution of an electrolyte. Discuss their 
variation with concentration. NCERT 
The conductivity of NaCl at 298 К has been 
determined at different concentrations and the 


results are given below. 


(ii) 


Concentration/M | 0.001 0.010’ 0.020 0.050 0.100 
1237 1185 23.15 5553 106.74 


10-2 хк [Sm 


Calculate A,, for all concentrations and draw a plot 
between Am and С!/?, Find the value of Af, - 


istry | 
атое" А, 6 9 


state Kohlrausch law, 
(0 calculate the emf of the following cell at 
298 K: 
АЕА!" (0.15M) || Cu** (0.025 M|Cu(s) 
(Given: E (A1 $A) = -166V, E (с >/си) = 0. 34V 
log 0.15 = - 0.8239, log 0.025 -1.6020) 
Or CBSE SQP 2021 


() On the basis of E" values, identify which 


amongst the following is the strongest 
oxidising agent? 
Cl,(g) +2e —9 2617; Е°= +1, 
os £ itr a +1.36 V 0 .005 .010 .015 .020 .025 .030 .035 
MnO; + 8H *5e —> Mn” + 4Н,0; E° =1.51V C12 iimo)" 
m + MH* +6e7-—> 2Cr + 7H,0; | (a) Define molar conductivity. 


E°=+133V (b) Identify the nature of electrolyte on the basis of the 
above plot. Justify your answer. 


(c) Determine the value of A,, for the electrolyte. 


(d) Show how to calculate the value of A for the 
electrolyte using the above graph. 


ii) The following figure 2, represents variation of 
(Am ) YS JC for an electrolyte. Here A, is the 
molar conductivity and C is the concentration 


of the electrolyte. 


HINTS AND EXPLANATIONS 


d) The conductance of electricity by ions present in the 6. (D) Y is strong electrolyte because on dilution number 


1. ( e de 
solutions 15 called electrolytic or ionic conductance. It of ions remains almost the same in case of strong 
depends on the nature of electrolyte added, size of ions electrolyte. Only interionic attraction decreases and 
produced and their solvation, nature of solvent and its increase in A p is small. 
viscosity, concentration of electrolyte and temperature (it To E" Cellconstant 0616 
increases with increase of temperature). e (b) Conductivity, К кеше uaa 

2, (b)Cell constant (x) = Rx к 2112x100"! cm"! 

= -1 
= (4000) х (0.002765 mho cm ) 8.: (с) When the concentration (A = А) approaches zero 
=1 7: 
= 1.106 cm (i.e, C, — 0), the molar conductivity reaches а 
1 К.А limiting value known as limiting molar conductivity 
i ductance (k)=— and p=—— и à : 
3. (c) Specific conduc (к) р Р 1 (^m) Thus, among the given option, c is correct. 
x __1. T wn ohare 9. Alternating current is used in electrolysis, so that 
A ‚ concentration of ions in the solution remains constant 


and exact value of resistance is measured. 


4, (b) Molar conductivity. 
10. When the concentration (dilution) is decreased, the 


5, (c) Given, A, — 349.6 S cm^mol | ) 
o mH") number of ions per unit volume carrying the current 
A mu) ? 50.15 cm^mol' decreases on dilution, so conductivity always decreases 
A 5735 S сш?тоГ! with decrease in concentration. 

mK") 2 4-1 11. The molar conductance of water at infinite dilution can 
A (OH su 199.1 S cm mol be obtained from the knowledge of molar conductances 

Acuycoona) 7 91S cm? mol! at infinite dilution of sodium hydroxide, hydrochloric 

Lo ug acid and sodium chloride (all strong electrolytes). This 

Complete reaction is as follows; is in accordance with Kohlrausch’s law. 
CH,COONa + HCI—> NaCl + CH,COOH А? (Н 20) = Ар, (NaOH) + А“, (НСІ) == AS (NaCl) 


А с. Е 

А, (CH;COOH)= А „ (CH,COONa) - A m (Na ) Ag, Molar ш ЧУНУ, 1000 0.0248 Sem“? x 1000 
+ i k= = 

+A, (1) m Molarity 0.20 M (mol cm?) 


= 1245 cm? mol” 


219112501 + 3496 
;291390.5 S cm^mol! 
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13, "s 
hie. des increases 1,5 times while that of A 
Ses 25 times, This shows that Bi 
5, This : $ s a sitot 
electrolyte, " 
aue molar conductivity increases slowly with dilution as 
TC 15 no increase in number of ions on dilution as 


strong electrolyte are completely dissociated. 


Чар 


(8) 
Weak electrolyte 


14. Kohlrausch's law, 
Aa (CH,COOH) = АН" )+А° (сн,с007) 
7349.6 S cm? mol! + 40.9 S cm? mol! - 
7390.5 S cm? mol! 
о = Am _ 39.05 S cm? mol”! | 


‚=0.1 
л, 390.5 S cm? mol`! 


15. Refer to Example 3 on pages 66 and 67. 
[K, 2118x105] j 
16. Given, conductivity, к= 0.146x 10? S cm"! 
Resistance, R 21500 Q ‚ 
Cell constant = кх R 
= 0.146х 107° x 1500 = 0.219cm7! 


Strong electrolytes are completely ionised in all 
concentrations. For strong electrolytes, A,, increases slowly 
with dilution. It is found to vary with concentration 
according to the Debye-Huckel-Onsager equation. 


A, = А® AR Bie Tc 


17 


© Am/(S cm? mol-!) 


УС —— 
where, А and B are called Debye-Huckel constants. 
If solution is diluted (concentration is decreased), there . 


is decrease in ionic attractions hence, molar 
conductivity increases with decrease in concentration. 


18. Slope = V 
2303 
19. (i) Cell constant, G* = Resistance (R) x conductivity (k) 
=100 x 1.0x 107 =10 cm"! 
(ii) Conductivity of solution у, 
_ Cell constant 107 


Co — == 2 -4 -1 
Resistance 50 кезеш 
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(ili) Molar conductivity of solution у, 
«4 ‘ 
кх1000  2»10 х 1000 _ 20 $ cm? mol! 
"  Molarity 0.01 


i Il is as follows 
20, Representation of the given ce 
j Al(s) | AP * (0.01 M)|Cd^* (0.1 M)|Cd(s) 


Given, Ё°= 1.26 V | 
cell potential is given by the following 


In this case, 
equation. 
2 
. 0.059, [APE 
Ер = Ecen 7 п log [саг*р 
2 
0.059, (0.01) 
= -—lo Poi 
Ec 1.26 6 £ (0.1)? 
0.059 (_1) =1.26 + 0.009 =1.269 V 


=1.26-——_ 
6 


2 j- 
21. Refer to example 3 on pg 66 and 67 [^n =210 S cm" mol"! 
A’, 2400 S cm? mol”, a =0.525] 


22. (i) When concentration approaches zero, the molar | 
(i) conductivity is known as limiting molar conductivity. 
The change in A,, with dilution is due to the increase 
in the degree of dissociation and consequently the 
number of ions in the total volume of the solution that 
contains 1 mol of electrolyte, hence A,, increases 


steeply. ; 
» o 0059, [Mg] 
(i) Ecen = Есер dr log [Cu*] 
0.059 0.1 
= 2.71 V -—— log —— 
Tk 0.001 
= 2.71 Ve? Jog 10°= 2.651 V 


23. (i) Given: Conductivity of CH,COOH solution, 
к 23905x10? Scm™ 
Concentration of CH,COOH solution, C =0.001 mol L, 


Molar conductivity, 
1000 


Àm =KX FA 
_ (8.905x10?S cm™})x (1000 cm? 17!) 
j 0.001 mol L~! 
= 39.05 S cm? mol! 
Molar conductivity at infinite dilution (X „) for 
CH,COOH, 


o ке о | 
Ааснусооң = ^ TAM 


CH3COO7 H 

= 40.9 + 349.6 = 390.5 S cm? mol! 
Degree of dissociation, 
_ Am 39.05.5 cm? mol! - 


Хы 390.5 S cm? mol! 3 


0.1 


(ii) Refer to text on pages 50 ай@ 51. 
24. Refer to text on pages 63, 64 and 65. 


i 


" 


NAM 


-1 
NT to the question, the given Values ate] 5 ст“! 2100 S m^! or 15 ст 
ac | 


=1 (unit conversior factor) 


| E^ ы калы 1005 m*' 
Concentration (М) x(Sm") k (S em) An" тоате (5 ст? mor!) - C2 (M2) 
T 103... раалы e Veit coa a 
237 x10 1.237 x 1074 1000 x 1,237 x10~4 0.0316 
3 
— 1257 
d -2 w DEC T S E VM TT ee ee 
10 10.85 1072 , 1185x104 1000 x 11.85 x10~4 TT 0.100 
N у 
1022 
— ош 02 eae 
2x 107 23.15 x 1072 23.15 x104 1000 x 23.15 x10% 0.141 
"Su anil a 
= — ка 
5х 10 55.53 х10^? 55.53 x 1074 1000 x 55.53 x10 0.224 
So ашы 111.1 
10^! 106/74x107? 10674194 1000 x 106.74 x10~4 бел 0.316 
XM dé: 


so the graph between Am and C!" is shown 


1069.0 0.05 0.10 0.15 020 025 0.30 0.35 


C'mon’) — 


A, °= Intercept on the A, axis = 1240 S cm? mol! · 
(the value of A,, on extrapolation to zero concentration). 
26. (i) Kohlrausch law It states that limiting molar 


(ii) 


conductivity of an electrolyte is the sum of the 
individual contributions of the cation and the anion 
of the electrolyte. 
Kohlraush examined Am values for a number of 
strong electrolytes and found that for a pair of 
electrolytes with the same negative ion but differing 
only in the positive ion. the difference between the 
A‘, Values is constant. 

Eee = Е cathode ^ Е"поде 

=034 —(—166) = 200 V 


According to Nernst equation, 


. 0.059, [AIP 
Е. = Есеп ТАР. 


[Си S 


Here, n2 6 


059, [015] 
Беде 00991 


6 [0025] 


=2- ~~ (2lognis —3 log0.025) 


=2- “> (-16478 + 48062) 
-2-00311 =19689 V 
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(i) MnO, is the strongest oxidising agent. Oxidising 


7\ 


power of metals decreases with a increase in their E^ 


values. 


(ii) (a) Molar conducivity of a solution is the 
conductance of that volume of solution 


containing one mole of electrolyte, kept between 


two electrodes havin 


large cross-sectional areas so 
electrolyte. 


g unit length between them and 
as to contain the 


(b) The nature the electrolyte on the basis of plot is 


strong electrolyt 
increases slowly with dilution. 
(c) Using Debye-Huckel Onsager equation, 


Аһ =A'n -AVC 


A’ value from graph is 150 S cm? mol. 
(9) 150.0 


О .005 010.015 020.025 030 .035 


CV /(mol/L)V2 


ЕДЕ (eon 
Xo —7 X1 
__ (149-1478) 


~ (0,010 -0.022) 
=100 S cm?’mol™ /(mol/L! ? 


е. For strong electrolyte, А° 


| TOPIC 3| Electrolytic Cells and Electrolysis 


ELECTROLYTIC CELLS 


Electrolytic cells are those cells in which electrical energy 
is used to carry out non-spontaneous chemical reactions 
and the reactions taking place in an electrolytic cell is 
called electrolysis. The apparatus used to bring about 
electrolysis is shown in the figure given below. 


Ammeter 


Copper 
sulphate 


Electrolytic cell 


In an electrolytic cell, external source of voltage is used 
to bring about a chemical reaction. One of the 
simplest electrolytic cell consists of two copper strips 
(which acts as anode and cathode) dipping in an 
aqueous solution of copper sulphate. When a DC 
voltage is applied to the two electrodes, then copper is 
dissolved (oxidised) at anode and deposited (reduced) 
at cathode and following reactions take place. 

At cathode, Cu**(aq) +2е7 —9 Cu(s) 


At anode, Cu(s) —> Cu?*(s) + 2e7 


In industrial process, impure copper rod is made as an 
anode that dissolves on passing current and pure copper 
rod is made cathode at which Cu?* ions deposits. 


Thus, in an electrolytic cell, cations (positive ions) are 
attracted towards the negative electrode, cathode and 
discharge by accepting electrons from the cathode. 
Hence, reduction occurs at cathode. (This is in 
contrast to galvanic cells, in which a cathode is a 
positive electrode). The anode in an electrolytic cell is 
positive electrode where oxidation of anions (negative 


ions) occurs. 


Application of Electrolytic Cells 


Many metals, e.g. Na, Mg, Al, etc., are produced on 
large scale by electrochemical reduction of their 
respective cations where no suitable chemical reducing 
agents are available for this purpose. 


Faraday’s Laws of Electrolysis 
The quantitative aspect of electrolysis was studied 
extensively by Michael Faraday and his laws of electrolysis 
are known as Faraday’s laws of electrolysis. 


Faraday’s First Law 
It states that “the amount of chemical reaction occurring at 
any electrode by passing current is directly proportional to 
the quantity of electricity passed through the electrolyte 
(in solution or in molten state)”. 
Thus, w g of the substance gets deposited on passing Q 
coulomb of electricity. 

wx<Q ог w=ZQ 

w=Z xit (>О=й) 
where, Q = quantity of electricity, 7 = current (in А); 
t — time (in s), 7 = constant of proportionality called 
electrochemical equivalent. It is defined as the amount of 
the substance deposited when 1 A of current is passed for 
1 sec (1 C of charge is passed). Its unit is g c 


 Faraday's Second Law 


It states that “when the same quantity of electricity is passed 
through different electrolytes, the amounts of different 
substances formed are directly proportional to their equivalent 
weights (i.e. atomic mass of the metal divided by the number 
of electrons required to reduce a cation of the metal)”. 


where, w is the mass of substance and £ is its equivalent 
weight. 


Faraday’s Constant 
The amount of electricity (or charge) required for oxidation 
or reduction depends on the stoichiometry of the electrode 
reaction. e.g. Ag"'(aq) +e —9 Ag(s) 
One mole of the electron is required for the reduction of 
one mole of silver ions. The charge on an electron is 
1.602 x 107? C. Therefore, the charge on one mole of 
electrons is N4Xx1.6021x 107 PC 

76.02 x 10? mol! х 1.6021x 107 ?C 


Charge = 96487 C mol! = 96500C mol". 


This quantity of electricity is called Faraday’s constant and 
is represented by the symbol F. 
Note Combining Faraday's laws, we get, Z = B = a 


lectrochemistry 


-A MPLE |4| An aqueous solution of copper 
E adi i was electrolysed between йн 
йе using a current of 0.1287 A for 50 min. 
(Given atomic mass of Cu= 63.5 g mol”) 
(i) Write the cathodic reaction. 
ii) Calculate 
(a) electric charge passed during electrolysis, 
(b) mass of copper deposited at the cathode, 
_[бїуеп, 1F = 96500 С mol" All India 2011C 


(i) Cathode is the site of reduction. 
(i) Use Q = it to find the amount of charge passed 


Equivalent weight x it 
96500 


tofind the mass of copper deposited. 


and т = Zit = 


Sol. Given that, t= 50 X 60 - 3000 5, і = 0.1287А, 
(i) Cu?* + 2 — Cu(s) 


(ii) (a) Q=it =0.1287 x 3000 = 386.1 С 
Eq.wt. 


m-Zxixtz X ixt 
(b) 96500 
= 65 x3861-012g 
2x 96500 | 


products of Electrolysis 
The products of electrolysis depend on the following: 
(i) nature of material being electrolysed. 
(ii) type of electrodes being used. If the electrode is 
inert, it does not participate in the chemical reaction 
and acts as source or sink for electrons. If the 
electrode is reactive, it participates in the electrode 
reaction. 
(її) different oxidising and reducing species present in the 
electrolytic cell and their standard electrode potentials, 
(iv) overvoltage (kinetic barrier), some of the 
thermodynamically feasible electrochemical processes 
are so slow kinetically that at lower voltage these do 
not seem to take place and hence, an extra voltage 
(or overpotential or overvoltage) is required for them, 


Overpotential (Bubble Potential) 


Some reactions although feasible, are so slow that they 
do not appear to be occurring. Hence, extra potential 
called overpotential is applied, which results in evolution 


: of gaseous product (like H;,O;) in the form of bubbles. 


Il can also be defined as the difference between the 
potential required for the evolution of the gas and its 
standard reduction potential. 
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Some Important Examples 
of Electrolysis 


(i) Electrolysis of molten sodium chloride Ir produces 
sodium metal at the cathode and chlorine gas at the 
anode. This happens according to the following 
reactions : 


At cathode Na (ag) te Nals) 
2Cl" (ag) —> Cl, (g)+2e7 
(ii) Electrolysis of aqueous solution of sodium chloride 
(brine) It is more complicated. Since, the solution is 
in water, so there are two dissociation reactions 
producing four different ions. 
NaCl —> Na*+ СГ 


H,O — H* + OH™ 
At cathode, there are two possible reactions 


Na* (aq) +e” — Na (9; ве =~271V 


Ci 


At anode 


+ z l 
H” (aq) Fe — о (g); Ej = 0.00 V 
The reaction with the higher value of E° is preferred. 
Thus, the reaction at the cathode during electrolysis is 


Н" («+7 — HQ E 


But Н? (aq) is produced by the dissociation of H,O, 
i.e. H,0 () — H* (ag) + OH (ад) ...(ii) 
Therefore, net reaction at the cathode are the sum of 
Eqs. (i) and (ii) 
HO) +e” — 2H, ()*OH" i 


At anode, possible oxidation reactions are 


= 1 
СГ (4) — = Cl (ge^ Ез =1.36 V 


OH — ;H0*:0, tes wv) 


o, 2H,0() — О, (g * 4H* (ар) 4e", 
Et =12ЗУ (v) 


cel 
Reaction (v) is the sum of reaction (ii) and reaction 
(iv). The reaction with the lower value of E? is 
preferred at the anode. Thus, we expect oxidation of 
water to take place at the anode. However, due to the 
oxygen overpotential, liberation of chlorine gas is 
preferred. Hence, 


At cathode i 
H,0 (l) +e — ^ H,(g)+ OH (aq) 
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Atanode C (a) +3 ici; ee 


Net reaction 
NaCl (aq) +H,0 (/) —> Na* (aq) + OH (aq) 


1 1 


(iii) Electrolysis of brine using, Hg asa cathode, then 
At cathode Na* * e^ —> Na 

Na + Hg —> Na— Hg 

2Na— Hg + 2H;0 —> 2NaOH+ Hg+H,(g) 

At anode 


CI (ag) — 2010) +е7; Е =1.36У 


2H,0 (2) —э О, (g)+ 4H* (a4) +47; 


TOPIC PRACTICE 3 | 


OBJECTIVE Type Questions 


1. The quantity of charge required to obtain one 
mole of aluminium from AL,O, is ........: / 
NCERT Exemplar 
(d) 2F 


(a) 1F (b) 6F 


2. Anelectrolytic cell contains alumina. If we 
have to obtain 50 g Al by using 105 A of 
current, the time required is 
(a) 1.54 hr (b) 2.15 hr 
(c) 1.42 hr (d) 1.32 hr 


(c) 3F 


3. What will be the weight of silver deposited, if 
96.5 A of current is passed into aqueous 
solution of AgNO, for 100 s? 

(a) 1.08 g (b) 10.8 g 
(c) 108 g (d) 1080 g 


4. 1.5 A current is flowing through a metallic 
wire. If it flows for 3 hrs, how many electrons 
would flow through the wire? 

(a) 205 x10” electrons (b) 1.0x 10” electrons 
(c)10^ electrons (d) 4.5 x10? electrons 


5. 6 Acurrent with 75% efficiency is passed 
through a cell for 6 h? (z = 4x107 4), The 
amount of metal deposited will be 


()224g ^ (b) 36.0 (c) 32.4 g (d) 38.8 g 


| Allzzone | CHEMISTRY Class joy. 


The reaction with lower value of E? should be prefetteg 
but due to overvoltage of oxygen, Cl, gas is discharged 


at anode. 


(iv) During electrolysis of sulphuric acid the following 


reactions are possible: 


At anode 
(i) 2H,0() —9 O;(g) + 4H* (ag)* 4e” ; 
cell =+1,23V 
(ii) 2802" (aq) — 5,02 (aq) + 2e ; 
| E94 =1.96V 


For dilute sulphuric acid, reaction (1) is preferred but at 
higher concentration of H,SO ,, reaction (ii) is 
preferred. 


1 o 
At cathode H' +e 95 H8); Ёш — 0.00V 


Same amount of electricity is passed through the 
solutions of HCl and CuSO,. If 6.35g of copperis 
deposited from CuSO, solution, the amount of 
hydrogen liberated at STP will be 

(a) 0.01 (b) 0.1 

(c) 0.001 (d) 1 


What will happen to pH of brine solution if 
electrolysed? 

(a) pH will decrease 

(c) pH remains the same 


(b) pH will increase 
(d pH - 7 


Which of the following reaction is preferred at 


anode during the electrolysis of H,SO, at higher 
concentration? 


(a) 2H;0(/) —> 0,(g) + 4H'(aq) + 4e^, E? 2123V 
(b) 25047 (ag) —9o $,О (ад) + 2e7, E° 2196 V 
(c) Both (a) and (b) (d) None of these 


VERY SHORT ANSWER Type Questions 


9, 


10. 


How much charge is required for the reduction of 
1 mole of Cu?' to Cu? NCERT 


When acidulated water (dil. H,SO,) is electrolysed, 


will the pH of the solution be affected? Justify 
your answer. NCERT Exemplar 


Hectrochemistry 


SHORT ANSWER Type I Questions 


It. 


12. 


13. 


Or 
14. 
15. 


16. 


\ (i) Following reactions occur at cathode during 


the electrolysis of aqueous silver chloride 
solution : i 


Ag* (aq) + € —9 Ag(s); E° = +0.80 V 


, 1 
H*(ag) * € — z Hale); E° -0.00 V 


On the basis of their standard reduction 
electrode potential (E^) values, which 
reaction is feasible at the cathode and why? 
(ii) Define limiting molar conductivity. Why 
conductivity of an electrolyte solution 
decreases with the decrease in concentration ? 
! Delhi 2015 


\ 
Consider the reaction, 
COZ + 14H* + бег — 2CP* +7H,O 
What is the quantity of electricity in coulombs, 
needed to reduce 1 mole of CO? ? NCERT Intext 


What is the amount of charge required to carry 
out the conversion of 1 mole of Al** ions to Al 
according to the following reaction, 

AIP* + Зе ——> Al 


How much charge is required for the reduction 
of 1 mole of AI?* to AI? NCERT 


If a current of 0.5 A flows through a metallic wire 
for 2 h, then how many electrons would flow 
through the wire? NCERT Intext 


How much charge is required for the following 


reduction: 1 mole of MnO; to Mn?'? 
Delhi 2020, NCERT 


Calculate the time required to deposit 1.27 g of 
copper at cathode when a current of 2 A was 
passed through the solution of CuSO,. (Molar 
mass of Cu =63.5g mol” !, 1 F= 96500 C mol” 1) 
All India 2015 


SHORT ANSWER Type II Questions 


17. 


How much electricity is required in coulomb for 
the oxidation of 
(i) 1 mole of HO to O,? 


? RT 
(ii) 1 mole of FeO to Fe,03? МОА 


18. 


19. 
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Chromium metal is electroplated using an acidic 
solution containing C10, according to the 
following equation: 


Cr0, (24) + 6H* +6. — Cr(s) + 3H,0 


Calculate how many grams of chromium will be 
electroplated by 24,000 coulombs. How long will it 
take to electroplate 1.5 g chromium using 125 A 
current? 


[Atomic mass of Cr =52g mol”, 
1 F =965000 C mol] 
All India 2019 
(i) The cell in which the following reaction occurs : 
2Fe* (aq) +21 (aq)—> 2Fe** (aq) + 1,65), 
has Есу = 0.236 V at 298 К. Calculate the 


standard Gibbs energy of the cell reaction. 
(Given, 1 Е 296500 C mol!) 


(ii) How many electrons flow through a metallic 
wire, if a current of 0.5 A is passed for 2 h? 
(given, 1 F = 96500 C mol?) All India 2017 


LONG ANSWER Type Questions 


20. 


21. 


Three electrolytic cells A, B and C containing 
solutions of zinc sulphate, silver nitrate and 
copper sulphate, respectively are connected in 
series. 

A steady current of 1.5 A was passed through 
them until 1.45 g of silver deposited at the 
cathode of cell B. How long did the current flow? 
What mass of copper and zinc were deposited in 
the concerned cells? 


(Atomic mass of Ag-108, Zn=65.4, Cu- 63.5) 
Delhi 2008; NCERT 


When a steady current of 2A was passed through 
two electrolytic cells A and B containing 
electrolytes 2150, and 0050, connected in series, 2 
g of Cu were deposited at the cathode of cell B. 
How long did the current flow? What mass of Zn 


was deposited at cathode of cell A? 


[Atomic mass : Cu = 63.5 g mol” E 


Zn- 65g mol”; 1 F =96500 C mol” 1) — Delhi2020 


-| HINTS AND EXPLANATIONS | 


1. (с) The quantity of charge required to obtain one mole 
of alaminium from Al,O, is equal to number of electron 


required to convert Al,O, to АІ. 
+3 
Аад) > Al(s) 
Hence, total 3F is required. 
2. (9 AP* «3€ — Al 
Equivalent weight of Al = 2 =9 
From Faraday’s first law, w = zit = БЕ 287 
96500 
: 50x 96500 


9x105 
3. (E) Q- it = 965x 100= 9650 C 
96500 C charge deposited weight of Ag —108 g 
h > 108 х 9650 
9650 C deposited weight of Ag = — zz =108 B 


4. (b) Charge on one electron = 1.6 x 10^ С 
As, Q — it= 15x 3x 3600 = 16200C 


x 
2. 16200C charge is on 101020. =10 x10? electrons 
16 x10" 


= 5105.825 = 1.42 hr 


5. (d) w= zit 24x10* X6 = x 6x 3600 38g 


6. (b) From Faraday's second law, 
VE 
iy 228 wy, = x6.35=01g 
Wo, Ес, 2 63.5 i 
7. (b) Н, is liberated at cathode and СІ, at anode during 


the electrolysis of NaCl solution. NaOH is formed so pH 


will rise. 
8. (b) During the electrolysis of H,SO, (dilute) 


(i) 29,01) —> O,(g) + 4H* (ag) 4€ ; Ez =1.23 V 


During the electrolysis of conc. H,SO, 
(ii) 2507 (ag) — 5,0; (aq) + 2€; Ещ -1.96 V 


The reaction with lower value of E^ should be 
preferred but due to overvoltage of O,, hence reaction 


(ii) will be preferred. 
9. Си?" +2е7 —— Cu(s) 
Charge required for the reduction of 1 mole of Cu?* 
= 2F = 2 x 96500 C = 193000 C 


10. pH of the solution depends upon the concentration of 
Н? ions present in solution. Thus, pH of the solution 
~- will not be affected as (H* ) remains constant. 


At anode 2H;0 —9 O, + 4H’ + Áe^ 
At cathode 4H' +46 ——5 Н, 
11, (i) Electrolysis of an aqueous solution of AgCI, 
АС (a4) — Ag (а) + Cl" (a4) 
HO (1) == H* (ag) + OH" (a4) 


12. In the given reaction, one Cr,05 


electricity, Ар (aq) and H* (ag) move 
de, since, the discharge potentiaj 
han that of H* ions. In the 
ore value of standard 


On passing 
towards the catho 
of Ag' ion is lower t 
other words, Ag” ions have m 


reduction potential. | 
Therefore, Ag’ ions are discharged in preference t, 


Н* ions. : 
At cathode Ар’ (24) +е ——? Ag(s) 
At anode c -ea — С 


сї+ Cl — С1,(д) 


Hence, reduction of Ag” (ion) is feasible at cathode. 


(ii) Refer to text on page 65. 
~ jon requires 


6 electrons for reduction. Therefore, 1 mole of Cr,03- 


ions requires 6F, i.e. 6 x 96500 C= 579000C of 
electricity for reduction. 


13. The number of electrons involved in the reaction is 


three. 
Therefore, the amount of electricity required for one mole 


of AP * ions. =3F or 3 96500 С = 289500C 


14. Here, currenti=0.5A,timet = 2h 


Quantity of charge (Q) passed = Current (i) x Time(t) 
= (0.5 A) x (2 x 60 x 60 s) 


= 3600 A s = 3600 С 
Again, О= пе 
where, п = number of electrons, е = charge on electron 
Q 
e 
|... 3600C 
- L6x10 C 
= 2250 x 10" 


n- 


Thus, number of electrons = 2.250 x10” 


15, The charge on manganese is +7 in MnO,. The chemical 


reaction involved is 

Mn/*4 5е7 —— Mn?' 
Therefore, to convert 1 mole of MnO, to Mn** ions, 5F 
of electricity is required. The amount of charge is 
therefore, 5 x 96500 C = 482500 C , 


16. Since, 63.5 g of Cu is deposited by 96500C 


7.127 g of Cu is deposited by 


96500 
=—— х 1,27 21930C 
63.5 


As, Q=1xt(where,Q=charge, = сштеп, t= time] 


= =f 
[ 
Here, [22A,Q21930C ^" 


19 
" LT 


|! 


кї”? 

pn" 

» 20 4 20, + де" 

ricity required for the oxidati 

TEPL 96500 C on of 1 mole of 
„193000 C = 1.93x 10 C 


TeO — i Fe,0, 
2 


(i 
pet? — Fett e 

е 1 mol Là 

, The electricity required is 1 Е 21x 96500 C 

i =96500C 
gyen Charge (Q) = 24000 Cand 

dd u ent (1) 8125 А | 
of chromium (Cr) deposited 71.5 g 


үе Har mass of (Cr) =52and 1 F =96500 С mol"! 
96500 C charge, deposit Cr252g . 
К | 52x 24000 124800 
| aroe Л ae 
е, 24000 С charge, dep 6х 96500 6х 96500 
; ap chromium deposited = 2.16 g 
Also, elt 
^ Charge (Q) =i% t (time) 
. Q _ 24000 


=== 
t 


i 12.5 
current =32 min 


=1920 5 


Duration of 
j) Refer to solution 28 on page 61. 


19. hi Refer to example 1 on page 73. 


-—»ә 
20. Ag’ + f a 


. f Ag is deposited by 96500 C 
pin ited у: Ae 
+ 145 g of AE will be deposited by=—— 55 


= 1295.6 С 
Q-it or 12956 C=15Ax! 
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t= 1295.6 C 
15 
The reaction related to the deposition of copper is 
Cu?’ + 27 —> Cu 
asg 
2x 96500C electricity deposits 63.5 g of Cu 
7. 1295.6 C electricity will deposit 


$33 x 10956 6 of Cu, ie. 0.426 g of C 
2x 96500 [4 Le. U. go u. 


The reaction related to the deposition of zinc is 
Zn'*4 27 —+Zn 
2 х 9500С 6546 

`7 2x 96500 C electricity deposits 65.4 g of Zn. 


Т. 1295.6 C electricity will deposi 65.4x 1295.6 
2x 96500 


=> 1=8637s 


g of Zn, 
Le. 0.44 g of Zn. 

21. Given, Current, I - 2A 
Two electrolytes CuSO, and ZnSO, connected in series 


Cu + $^ —A Cu 
(35g 


-.2x 96500 C electricity deposits 63.5 g of Cu 
2g of Cu will f dated by - 25900 2x 2 
635 
Q-Ixt 
607874 С= 2Axt 
, S824 
2 


= 6078.74 C 


= 3039.4 s 


Zn" + 2е —э Zn 
2.2 х 96500 C electricity deposits 65 g Zn. 
2.607874 С electricity will deposits 
„ 65x 6078.74 (7n 2.05 gof Zn 
2x 96500 


7.2.05 g of Zn was deposited at cathode of cell A. 


TOPIC 4| Electrochemical Cells in Action 


TTERIES 
BA MERCIAL CELLS) 


i "ns one or more than one 
Abana ЫП connected in series) ora cell that we 
use as a source of electrical energy 15 basically a galvanic 
cell, which converts the chemical energy of the redox 
reaction into electrical energy- E 

to be of practical use it sho € 
ry igi, mand and its voltage should not vary 
appreciably during its use. 


There are mainly rwo types of batteries: 


Primary Batteries 

A primary battery (non-chargeable battery) is a device in 
which reactions occur only once and after use (over a pert 

of time), battery becomes dead and cannot be reused. k 
produces electric current for a period of time and with time 
when no more chemicals remain available to take part in the 
reaction, the cell dies. The most familiar examples of this 


type are Leclanche cel] and mercury cell. 


78 


1. Leclanche Cell (Dry Cell) 


It consists of a zinc container which acts as the anode. 
The cathode is a carbon (graphite) rod surrounded 


by a mixture of powdered manganese dioxide and 
carbon. 


The space between the electrodes is filled with moist 
paste of ammonium chloride and zinc chloride. 


(Anode) no, + carbon black 
+ NH4CI paste 


Dry cell 


The reactions occurring at the cathode and the anode are: 
Zn(s) —Ó Zn?* 42e7 


At cathode MnO, + NH7 + e^ —9 MnO(OH)+ NH, 


At anode 


In the reaction at cathode, manganese is reduced from 
the +4 oxidation state to the +3 state. NH, produced in 
the reaction forms a complex with Zn** to give 


[Zn(NH3); ]2*. The cell has а potential of about 1.5 V. 


Use of Leclanche cell It is commonly used in transistors 


and clocks. 
2. Mercury Cell 


It consists of zinc-mercury 
amalgam as anode. The 
cathode is a paste of mercuric 


oxide (HgO) and carbon 


Anode 


Anode cap 


powder. The electrolyte | 
consists of a mixture of KOH  Gasket?^« 107 ^N 
and ZnO. Separator Cathode Cellcan 


The reducing agent is zinc Marpury oer 
and the oxidising agent is mercury (II) oxide. 
The electrode reactions of a mercury cell can be written as: 
At anode 
Zn(Hg)+ 20OH^ —> 2п0() + Н,О+ 2е7 

At cathode 

HgO+H,0+2¢7 —> Hg (/)+2O0H™ 
The overall reaction of the cell is written as: 


Zn(Hg) + HgO(s) — ZnO (з) + Hg (/) 
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The potential of a mercury cell is approximately 1.35 y 
It remains constant as in the overall cell reaction no ions 
are involved in solution whose concentration can chap, 
during the life span of the cell. Thus, it lasts longer. 
Use of mercury cell It is suitable for low current device, 
like hearing aids, watches, etc. 


Secondary Batteries 


A secondary cell after use can be recharged by passing 
current through it in the opposite direction so that it can 
be used again. A good secondary cell can undergo a large 
number of discharging and charging cycles. Two 
important secondary batteries — lead storage battery and 
nickel- cadmium battery are as follows 


1. Lead Storage Battery 


It consists of a lead anode and a grid of lead packed with 
lead dioxide as cathode. A 38% solution of sulphuric acid 
acts as the electrolyte. When the battery is in use 
(discharging), the cell reactions are: 

At anode 


Pb(s)+ SOZ (aq) —9 РЬЅО , (s) +27 
At cathode 
РЬО ,()+ SOF (aq) +4H* (ад) 2e —9 PbSO,() 
+2H,0() 
The overall reaction of the cell is written as: 
Pb (s) - PbO, (s) + 2H5SO , (aq) —9 2PbSO, (5) + 


2H,0() 
Cathode 


Negative plates 
(lead grids filled 
with spongy lead) 


Positive plates 
(lead grids filled with PbO.) 


The lead storage battery 


38% sulphuric 
acid solution 


During charging, current is passed through the terminals 
from external source. The reactions are reversed and 
PbSO, (s) on anode and cathode is converted into Pb and 
PbO,, respectively. 

Use of Lead storage Battery It is commonly used in 
automobiles and power inverters. 


| 


j actrochemistry 


yi ckel-Cadmium Battery 
J. 


ҖЕ" of a cadmium anode and metal 
v cot 

Г) „45 
NO? 


d grid containin 
cathode. KOH solution is electrolyte. к 


Positive plate 
Separator 

Negative plate 
rechargeable nickel-cadmium cell in a jelly roll 


grangement and separated by a layer soaked in 
moist sodium or potassium hydroxide 


eoverall cell reaction of Ni-Cd cell during discharging is 
C4 (+ 2Ni(OH); () —9 CdO(s) + 2Ni(OH) (3) 
| +H,0 (/) 


fc has longer life than the lead storage cell but more 
expensive to manufacture. 


FUEL CELL 


Iris a galvanic cell in which chemical energy from 
combustion of fuels like hydrogen, methane, methanol, 
ac, is converted into electrical energy. In this type of 
galvanic cells, reactants are continuously feed to the 
dectrodes, which react to produce electricity and 

products thus formed are continuously removed from the 
electrolyte department. It is highly efficient (70%) 

method when compared to the efficiency of thermal 

power plants (40%), that is a major source of pollution. 


Anode - ur * Cathode 
Aqueous 
electrolyte 

Н, -— 0, 


Fuel cell using Н and 
Oz produces electricity 


One of the most successful fuel cells uses the reaction of 


) togen with oxygen to form water. It was used for 
Providing electrical power in Apollo space programme. 


T9 


The water vapours produced during the reaction were 
condensed and added to the drinking water supply for 


the astronauts. 


In the cell, hydrogen and oxygen are bubbled through 
porous carbon electrodes into concentrated aqueous 
sodium hydroxide solution. Finely divided platinum or 
palladium acts as a catalyst. 


The electrode reactions for the cell are 
At cathode 

O,(g)+2H,0 (0+ 4^ — 4OH (24) 
At anode 

2H, (g) - 40H" (ag) — 4H40 (D) - 427 
The overall reaction of the cell is written as: 
2H5(g) * O;(g) —> 2H,0 ()) 

This cell runs as long as the reactants are supplied. There 
have been tremendous progress in the development of 
new electrode materials, better catalyst and electrolytes for 
increasing the efficiency of fuel cells. 


These have been used in automobiles on an experimental 
basis. 


CORROSION 


It is an electrochemical process in which a metal is 
oxidised to metal oxide or other salt of the metal by 
losing electrons to oxygen or other electronegative 
element and forms a coating on the metal surface. The 
rusting of iron, tarnishing of silver surface, surface of 
copper and bronze turning green are some of the 
examples of corrosion. 


Rusting (or corrosion) occurs in the presence of water 
and air. The place of iron object where rusting takes 
place, acts as anode. This is the place at which oxidation 
occurs and iron oxide is formed. 


Electrons release at anodic spot move through the metal 
and go to another spot on the metal and reduce oxygen in 
the presence of H* which is believed to be available from 
HCO, formed due to dissolution of carbon dioxide from 
air into water. This spot behaves as the cathode, 

The anode and cathode reactions are: 


At anode 2Fe(s) —> 2Fe**(aq) + 4e”; 


e — 
E (Fet ip) 7 044 V 
At cathode О, (g) + 4H* (aq) + 4^ —32H,0 (0; 


e = 
Ебра = LBV 


5О 


The overall reaction of the cell is written as: 
2Fe(s) + O (о) + 4H * (ag) 4-5 2762+ (aq)+ 2H,O(/) ; 
rat Ee = 1.67 V 
The ferrous ions obtained are further oxidised by 
ык aoe to ferric ion which comes out as rust 
‚ Une form of hydrated ferric oxide (Fe,O,.xH,O 
with further production of H* one a a ar 


с.В. corrosion of iron in atmosphere. 


4H* (aq)+ О, 


Atmospheric oxidation 


2Fe?* (aq) + 2H,O(/) + 5 Ox(g)—> Fe;O, (+ 4H* (ag) 


| TOPIC PRACTICE 4 


OBJECTIVE Type Questions | 
1. Anode in the Leclanche cell is t; 


(a) zinc container (b) graphite electrode 
(c) carbon (d) MnO; +C 
2. Inalead storage battery All India 2020 


(a) PbO, is reduced to PbSO, at the cathode. 

(b) Pb is oxidised to PbSO, at the anode. 

(c) Both electrodes are immersed in the same aqueous 
solution of H,SO,. 

(d) All the above are true. 


3. Which is/are rechargable batteries? 
(a) Nickel-cadmium (b) Lead-storage 


(c) Both (a) and (b) (d) None of these 


4. Whenalead storage-battery is discharged 
(a) SO, is evolved 
(b) lead is formed 
(c) lead sulphate is formed 
(d) sulphuric acid is consumed 
5. Adevice that converts energy of combustion of 
fuels like hydrogen and methane, directly into 
electrical energy is known as 
(a) fuel cell (b) electrolytic cell 
(c) dynamo (d) Ni-Cd cell 


p 
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Prevention of Corrosion 
Prevention of corrosion not only saves mon 
helps in preventing accidents such as bride one 
failure of a key component. It causes enormous р 
to buildings, bridges, ships and to all objects mage 
metals especially that of iron. We lose crores of py 
every усаг on account of corrosion. So, Prevention р 
corrosion is very useful. 
One of the simplest methods to prevent corrosion jg 
prevent the surface of the metallic object to come in ы 
contact with atmosphere. This can be done by арр}; 
paint or some chemicals such as bisphenol on the 
surface of the metal so that the surface does not Come 
in contact with the atmosphere. 
The other way is to cover the surface by coating the 
metal surface with inert metals like zinc, tin, etc. Ap 
electrochemical method is to provide a sacrificial 
electrode of another metal (like Mg, Zn, etc.) which 
corrodes itself but saves the object. 


6. Given the standard electrode potentials, 
м =-044V 
o Fe?*/Fe 
and Ен 0,0 =1.23 V 
Calculate the E% u of the corrosion. 
(a) -0.79 V (b) - 167 V 
(c) 1.67 V (d) «0.79 V 


7. During the rusting of iron 
(a) metal acts as cathode 
(b) hydrogen ion acts as anode 
(c) formula of rust is Ее;О,.хН,О 
(d) the overall reaction is 
2Fe + О, +4H* —> 2Fe^* + 2H,0 


8. Galvanisation is 
(a) zinc plating on aluminium sheet 


(b) zinc plating on iron sheet 
(c) iron plating on zinc sheet 
(d) aluminium plating on zinc sheet 


VERY SHORT ANSWER Туре Questions 
9. Why does a dry cell become dead after a long 
time even if it has not been used? 
10. Unlike dry cell, the mercury cell has a 


constant cell potential throughout its useful 
life. Why? NCERT Exemplar 


i hemistry 
pt 


what advantage do the fuel cells have over 
4 rimary and secondary batteries? NCERT Exemplar 


est two materials other than hyd 
(2. К e e used as fuels in fuel cells. [d 


sting of iron is quicker in saline wat А 
f. 8 лагу water. Give reason. er than in 


"n үй у does a medium inhibit the 
ting o І 


і f iron pipe can b 
y rusting 01 iron pipe can be prevented b 
}5, joni it with a piece of magnesium? T 


g the E? values of A and B, predict which i 
| usps for coating the surface of iron ici 
E -0.44]to prevent corrosion and 


why: 
\ б 
E? Ае a7 231 Vi E? э ру = 014 VAll India 2016 


SHORT NSWER Type I Questions 


17. Write the name of the cell which is generally 
usedin hearing aids. Write the reactions taking 
place at the anode and the cathode of this cell. 

All India 2017 

(8, Write the name of the cell which is generally 
used in transistors. Write the reactions taking 
place at the anode and the cathode of this cell. 

All India 2017 

(9, Mention the reactions occurring at (i) anode (ii) 
cathode, during working of a mercury cell. Why 
does the voltage of a mercury cell remain 
constant during its operation ? 


20. From the given cells: Lead storage cell, Mercury 
cell, Fuel cell and Dry cell Delhi 2016 


Answer the following 
(i) Which cell is used in hearing aids? 
(ii) Which cell was used in Apollo Space 
Programme? 


(iii) Which cell is used in automobiles and 
inverters? 


(iv) Which cell does not have a long life? 


8l 


21. Write the chemistry of recharging the lead 
storage battery, highlighting all the materials 
that are involved during recharging. NCERT Intext 


22. The chemistry of corrosion of iron is essentially 
an electrochemical phenomenon. Explain the 


reactions occurring during the corrosion of iron 
in the atmosphere. Delhi 2011 


SHORT ANSWER Type II Questions 


23. (1) Calculate the mass of Ag deposited at 
cathode when a current of 2A was passed 
through a solution of AgNO, for 15 min. 


(Given : Molar mass of Ag =108 gmor'! 
1Е = 96500 C mol` !). 


(ii) Define fuel cell. 


24. (i) Calculate A,G? for the reaction, 
Mg (s) + Cu?*(aq) —> Mg?'(aq) + Cu (5) 
(Given, E2,, 242771 V, 1 F 2 96500 C mol?) 


(ii) Name the type of cell which was used in 
Apollo space programme for providing 
electrical power. Delhi 2014 


LONG ANSWER Type Questions 


25. Explain how rusting of iron is envisaged as setting 


Delhi 2017 


up of an electrochemical cell? NCERT Intext 
26. (i) Calculate E24, for the following reaction at 
298 K: 
2Al(s) + 3Cu* (0.01 M) — 


2Al°* (0.01 M) +3Cu(s) 
Given, E, = 1.98 V 
(ii) Using the E? values of A and B, predict which 


is better for coating the surface of iron 
[E*(Fe?*/Fe) = -0.44V] to prevent corrosion 


and why? 
Given: E'(A* /A) » -2.31 V, 


Е°(В?'/ B) =-0.14 V Delhi 2016 
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18. 


HINTS AND EXPLANATIONS 


(a) Leclanche cell consists of zinc container which acts 
as the anode. 


(d) Refer to page 78 (Lead storage battery). 


(c) Lead storage battery and nickel cadmium battery are 
two important rechargable batteries. 


(c) When lead storage battery is discharged, the following 
reaction takes place and lead sulphate is formed 
Pb (s) + PbO, (s) + 2H,SO,(aq) ——> 2PbSO, (s) 

+ 2Н,О(!) 
(a) In thermal power plants, electricity is produced by 
using chemical energy of fossil fuels like coal etc. 


(0 ES = Eo. —E? s pe 7123-(7044) 


H /0>,/HO /Fe 


=1.67 V 


(d) During rusting of iron, metal acts as anode, hydrogen 
ion as cathode. The overall reaction is 


2Fe+ О, +4H* —-> 2Ее?* + 2 H,O 


Formula of rust is Fe,O, - x H,O. 


(b) Galvanisation is the process of applying a protective 
zinc coating to iron or steel. 


A dry cell becomes dead after a long time, even if it has 
not been used because the acidic NH,Cl corrodes the 
zinc container. 


The potential of mercury cell (-1.35 V) remains constant. 
As in the overall cell reaction no ions are involved in 
solution whose concentration can change during the life 
span of the cell. Thus, it lasts longer. 

Primary batteries contain a limited amount of reactants 
and are discharged when the reactants have been 
consumed. Secondary batteries can be recharged but it 
takes a long time. Fuel cell run continuously as long as 
the reactants are supplied to it and products are 
removed continuously. 


Methane (CH, ) and methanol (CH,OH). 


Rusting of iron is quicker in saline water than in 
ordinary water. Salt water helps in flow of current in the 
miniature cell developed on the iron surface, hence it 
enhance the process of corrosion. 


Rusting of iron takes place in the presence of H* ions. 
Alkaline medium neutralise the H* ions and thereby 
inhibits rusting. 

It is due to cathodic protection in which magnesium metal 
is oxidised in preference to iron and acts as the anode. 


Metal A have lower electrode potential than metal B. 
Hence, when A is connected with iron it protects it from 
oxidation and prevents corrosion. 

Mercury cell is suitable for low current devices like 
hearing aids, watches, etc. For the electrode reactions of 
a mercury cell. Refer to text on page 78. 


Leclanche cell is commonly used in transistors. Refer to 
text on page 78. 


19. Refer to text on page 81. 


20. (i) Mercury cell 
(ii) Fuel cell 
(iii) Lead storage cell 
(iv) Dry cell | 
21. Refer to text on page 78. 
22. Refer to text on pages 79 and 80. 
23. (i) Given, current (1) -2A 
Time (t) = 15 min 
Quantity of electricity passed will be 
Q=It = 2x 15x 60= 1800 C 
Electrolysis of AgNO; 
Ар? +e —— Ag(s) 
(Atomic mass of Ag=108 р mol!) 


As, 108 g of Ag has 96500 C 
108 x 1800 


_ 2.1800 C will deposit = $e 0n. g of Ag 
— 2014 g of Ag 
(ii) Refer to text on page 79. 
24. (i) For the reaction, : 
Mg (s) + Cu?* (ag) —> Mg” (aq) + Cu (5), n=2 
ор =+2.71 V, 1F=96500C mol! (given) 
АС°=—пЕЕ $1 
=—2х96500х2.71=—523030 J mol! 
——523.030 kJ mol! 
(ii) Н,-О, fuel cell was used in Apollo space programme 
for providing electrical power. 


25. In corrosion, a metal is oxidised by the loss of electrons 
to oxygen with the formation of oxides. So, an 
electrochemical cell is set-up, e.g. rusting of iron 


Refer to text on page 79. 
26. (i) 2Al(s) + 3Cu?*(0.01M) —> 2A1?*(0.01M) + 3Cu(s) 


Ед =1.98V 
Applying Nernst equation for the given cell reaction, 
00591, [AP*] 
Есе = E cen — log L 
[Cu] 
e 00591, АГ? 
Ecen 7 Ес + log [ zi 
[Cu] 
Here, n 26 (n = number of electrons transferred) 
00591, (001) | 
=198 + сым =198 + аы log 100 
6 (0.01) 
=1,98+ Daci x2 


[`` log100 = log 10°= 210р 10 = 2 as log 10= 1] 
=1,9997 V =x 2.0 V 
(ii) Refer to solution 16 on page 82. 
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SUMMARY 


7 ucrehenisty deals with the relationship between electrical and 


chemical energy. 


‚ Device Mich converts chemical energy to electrical energy is called 


electrodemical cell while that in whi j 

carry о) a non-spontaneous аа ә 
Electro¢hemical or voltaic (galvanic) cells are of a type that : 
produc electricity as a result of chemical reaction. 

For Zn() + C^ (ag) «== Cu (s) + Zn? (aq), 

cellis Zn | Zr (С,)||Си° (C3) | Cu 


ForH,(g| —? 2Н' + 2e", half-cell isPt(H,) | H*(C) 

mE 1atm i 
in даап cell oxidation occurs at anode and is а хе plate, 
reduction рссигѕ at cathode and is a +ve plate 
Potential difference between the metal and the metal ion in which 
electrode is dipped, is electrode potential (E) in a given state and 
standard electrode potential (E?) in a standard state: 


E = For (standard oxidation potential of Zn / Zn 


24 
Zn] Zn” ) 


о (standard reduction potential of Cu?* /Cu) 


E [Cu 
Egy = Ex у Ee. (take E? values according to reaction) 


Eg = Fox + Ered Ece = Ер – Ер 
Eg and E? are standard reduction potential 
In electrochemical series (ECS), Ej, values measured wrt (SHE) 


are arranged in increasing order. Based on ECS, reaction is 
spontaneous if reducing agent is above oxidising agent. 
Metals lying above hydrogen in ECS will react with dilute acid 


forming H;. и à; | 
Oxides of Hg and below it in ECS will give metal on heating. 
303 RT log K 


o 
cell 


Nernst equation : Ea, = E 


Eas = M log К, where K is reaction quotient 


24 
forzn + Си?* —9 Cu + 1: К = m (used also if half-cells 
u 


are given). 


» Electrical work, AG = – ПЕЕ in a given state 


AG* = - ПЕЕ° іп a standard state 
AG? = - 2.303 RT log Keg 


2303 AT ок. = 00591 од y at 298 K 
n n 


o0 -— 
cel 7 
Conductors Substances which allows the electric current to flow 
through it. The conductors may be metallic or electrolytic. 
The power of an electrolyte to conduct electric current is called 
conductance or conductivity. 
Conductance is defined as reverse of resistance, which measures 
the obstruction in the flow of current while conductivity is reciprocal 
of resistivity. 
Conductance : ohm! or S (Siemen) 
Specific conductance : ohm cm! orohnr! m'or 9 m^ 


m 
orm 
= cond ex cell constant 
Specific conductance = шк" x specific conductance — 


Ла = equivalent conductance = сопс (normality) 
1000x specific conguctónes 
uctance = ~~“ сопс. (molarity) 


Son? equiv’ or Sm equ" 
mf? mor’ 


mI 
Cell constant : cm 


As? molar cond 


"i 
, ohm’ сп? едим” of 
‚отт! ст? тог! orS en? mol” orS 
ниске! Onsager equation 
Debye- Mir com S 


d kel constants. 
d B are called Debye-Huc | | 
pat both increase with decrease In concentration (or 


= апа Am i 
increase in dilution) and whenC ex 0, Neg = Aca 
Am = Am _ 

» and Aj, аге values at infinite dilution such that 

| = „ууу + yk 

By Kohlrausch $ law, Am = X^. | 

It electrolytic cell Oxidation occurs at anode but is t Ve plate, 
reduction occurs at cathode but Is -ve plate. 


By Faraday's law 
First law 


C0 


w (amount deposited) = 2 = 2С 
where, Z iS electrochemical equivalent, 
_ atomic wt. 
n x 96500 


j = current (in amp), t = time (in sec.) 


C = Coulombs of electricity, 
equivalent of metal, i.e., 108 


econd law 
* wt.of metal A _ eq. wt. of A 
w.ofmetalB eq. wt.of B 


olten Маск!) gives sodium at cathode; electrolysis 


Electrolysis of m 
of aq. NaCl solution gives NaOH апан, at cathode and Cl, at 


anode. 
Electrolysis of acidified HO 
At anode 2Hj0 —> 4H" +0, + 4^ 
Atcathode 29,0 + 26 —9 20H + Н; 
Electrolysis оСиЅО (аа) 
with inert electrode 

CU «H0 — Cu+2H" + ; O; 


g of Ag. 12 g of Mg and 9 g of Al. 


« Principle used in electroplating 


with copper electrode 
Cus) — Cus) 
Anode Cathode 


The corrosion of metals, such as the rusting of iron, is an 
electrochemical phenomenon. 

Batteries, which consist of one or more electrochemical cells, are 
used widely as self-contained power sources, e.g. dry cell, lead 


storage battery elc. 


thus 1 F of electricity will deposit 1 g 


СНАРТЕК 
PRACTICE 


MULTIPLE CHOICE Type Questions 
1 An electrochemical cell can behave like an 


electrolytic cell when ......... 
(a) E cell 7 0 (b) E cell 7 E ext 


(c) Ea > E cen (d) Ecen т Eext 
2, Which metal cannot replace Н; from 


hydrochloride acid? 
(a) Zn (b) Cu (с) Mg (d) Al 


3 Inthe given reaction, 
2Cu* (aq) == Cu” (aq) + Cu(s) 


LOREM = 0.6 Vand Ent ла =0.41V 


Find out the equilibrium constant. 
(a) 276 x10" (b) 276 x 10° 
(c) 276 x10° (d) 276 x10° 


4. Select the correct statement for 
A, = А, - АС!/. 
(a) This equation is for weak electrolyte 
(b) Intercept is equal to A m 
(c) Slope is ‘A’ 
(d) Value of A depends on the charges of cation and 
anion 
5 While charging the lead storage battery ......... : 
(а) PbSO, at anode is reduced to Pb 
(b) PbSO, at cathode is reduced to Pb 


(c) PbSO, at cathode is oxidised to Pb 
(d) PbSO, at anode is oxidised to PbO, 


CASE BASED Questions 


Case | 

Molar conductivity of a solution is the conductance of 
solution containing one mole of electrolyte, kept between 
two electrodes having unit length between them and large 
cross sectional area so as to contain the electrolyte. In 
other words, molar conductivity is the conductance of the 
electrolytic solution kept between the electrodes of a 
conductivity cell at unit distance but having area of cross 
section large enough to accommodate sufficient volume 
of solution that contains one mole of the electrolyte. Ir is 


denoted by Аһ. 


The following questions are 


multiple choice questions. сый 
g: 


the most appropriate answer : 
6 The mathematical expression for molar 


Or 


conductivity is 
M к x1000 
= A = 
(a) Am = X1000 нар". 
K M x1000 
— d ue Аныда 
(©) Am = 4f x1000 (^5 K 


What are the units of molar conductivity, A,,? 
(a) Q7! m? mol" (b) Scm?mol™ 

(c) Both (a) and (b) (d) None of these 
Conductivity of 0.00241M acetic acid is 
7896 x 10 5S cm: !. Calculate its molar 
conductivity in this solution? 

(а) 2.41x10 ? (b) 7.896 x10 


(c) 32.76 (d) 14.76 


How does molar conductivity varies with 
concentration for strong as well as weak 


electrolytes? 
(a) Molar conductivity increases with decrease in 


concentration 
(b) Total volume (V) of solution containing one mole of 


electrolyte increases 
(c) Both (a) and (b) 
(d) None of the above 
Given graphical representation of variation of 
conductivity with concentration for which 
electrolytes? 


a 

E 
£ 

o 
o, 

Е 

< 

0 

iC —э 
(а) Weak (b) Strong 


(d) None of these 


& (ti b: 


(c) Very strong 


Elictrochemistry 


Casell 


Plants is nor E 


lants, the chemical energy (heat Din i 6 = 
п) of fossil 


fuels (cod, gas or oil) is first used for : 


Galvanic tells that are desi 
austi oF fiels ie Жаш E SEA the energy of 
directly into electrical energy are called ra LU etc. 
One of the most successful fuel cells uses n Is. | 
hydrogen with oxygen to form water, The cell E 
providing electrical power in the Apollo дас was used for 
The water vapours produced during the reac ам 
condensed and added to the drinking water su s" d 
astronauts. In the cell, hydrogen and айкас bs : | ы 
through porous carbon electrodes into aa 
aqueous sodium hydroxide solution. Catalysts like finel 
divided platinum or palladium metal are incorporated ys 
the electrodes for increasing the rate of electrode reactions. 
In the question that follow Assertion and Reason are given 
Reason is purported to the explaination for Assertion. Sfudy 
carefully and then mark your answers, according to the codes 
given below. 
Marks your answer as : 
(a) Both (A) and (R) are true and (R) is the correct 
explanation of (A). 
(b) Both (A) and (R) are true but (R) is not the correct 
explanation of (A). 
(с) (A) is true but (К) is false. 
(d) (A) is false but (R) is true. 


Assertion Fuel cell is a galvanic cell. 
Reason It convert the energy of combustion 
fuel into electrical energy. 


11 Assertion Efficiency of fuel cell is 70% as 
compared to thermal plants. 
Reason Thermal plants have 40% efficiency. 


10 


12 Assertion Electrolytes used in fuel cells. 
Reason Conc. KOH (aq) solution can not be 
used as electrolyte. 

13 Assertion H,O, fuel cell has many advantages. 

Reason It causes pollution. 

Assertion Fuel cell has no such importance of 


uses. bi 
Reason They used in automobiles. 


Or 


following keys to choose the appropriate 


85 


ASSERTION AND REASON 

) In the following questions. an 
responding Reason (R) Use the 
answer. 

(R) is the correct 


п Directions (О. Nos. 14-21 
Assertion (A) is followed by а co 


(a) Both (A) and (R) are correct, 
explanation of (A). 

(b) Both (A) and (R) are correct, (R) is 
explanation of (A). 

(c) (A) is correct; (R) is incorrect. 

(d) (A) is incorrect; (R) is correct. 

14 Assertion (A) Conductivity always increases with 
decrease in concentration for strong and weak 
electrolytes. 

Reason (R) Number of ions per unit volume 
decreases on dilution. 


15 Assertion (A) Conductivity of pure water is 
35x10? S m`’. 
Reason (R) High amounts of hydrogen and 


hydroxyl ions are present in water. 


not the correct 


{6 Assertion Pure water conducts electricity. 
Reason Pure water exists in unionised form. 


17 Assertion (A) Solid NaCl does not conduct 
electricity. | 
Reason (В) Solid NaCl has no free ions. 

18 Assertion (A) Mercury cells give a constant 
voltage throughout its life. 
Reason (R) Electrolyte KOH is not involved in the 
reaction. 

19 Assertion (A) 96500 C charge is required for the 
reduction of one mole of silver ions. 
Reason (R) The amount of electricity (or charge) 
required for oxidation or reduction depends on 
the stoichiometry of the electrode reaction. 


20 Assertion (A) H,—O, fuel cell gives a constant С 

voltage throughout its life. 
Reason (В) In this fuel cell, Н, reacts with ОН” 
ions yet the overall concentration of OH” ions 
does not change. 

21 Assertion (A) Electrolysis of an aqueous solution 
of KI gives 1 at the anode but that of KF gives O; 
at the anode not F;. 
Reason (В) Г ions have much lower oxidation 
potential than water while Р ions have much 
higher oxidation potential than water. 
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VERY SHORT ANSWER Type Questions 


22 Write the cell representation for the galvanic 
cell used for measuring standard electrode 
potential of iron having, E° Fe?“ уре = —0-44 V. 


23 Ina galvanic cell, what is the polarity of anode? 


24 Write the Nernst equation to calculate the cell 
potential of Mg(s)|Mg”* (aq) || Ag*|Ag. - 


25 When does an electrochemical cell behaves like 
an electrolytic cell? 


26 Can absolute electrode potential of an electrode 
be measured? 


27 What does the negative sign in the expression 
"2n?* zn = —0.76 V mean? 


28 List the factors on which molar conductivity of 
ionic solution depends. 


29 1151 the factors on which conductivity of 
electrolyte depends. 


ЗО The specific conductivity of a saturated solution 
of silver chloride is 230x 10? S ст! at 25°C. 
Calculate the solubility of silver chloride at 25°C. 
A” for Ар” and Cl” ions аге 61.9 and 


76.3 S cm? mol"! respectively. 


31 From the values of a Faraday (96500 C) and 
Avogadro number (6.023 x10”), calculate the 
coulomb charge on an electron. 

32 How will the pH of brine (aq NaCl solution) be 
affected when it is electrolysed? 

33 Whatis a primary cell? Give one example. 

34 What features of a cell enables practical use of 
battery? 

35 Mention the uses of mercury cell. 


36 What is the advantage of nickel-cadmium cell 
over lead-storage battery? 

37 List the advantages of using H, -O; fuel cell over 
ordinary cell. 

38 write the Nernst equation for single electrode 
potential. 

39 Whatis the efficiency of a fuel cell? What is the 
use of a fuel cell? 


40 Suggest a metal that can be used for cathodic 
protection of iron against rusting. 


41 


42 


| All/z'gne | CHEMISTRY сы, 


Write the relation between cell potentia] а 
ie s nd 
equilibrium constant. 


Why does a cell stops working after somes; 
йы, 


SHORT ANSWER Туре I Questions 


43 


44 


45 


46 


47 


48 


49 


50 


52 


Write the Nernst equation and emf of the 
following cell at 298 K. 
Fe(s)|Fe** (0.001M)| {H*(1M)| H2(g) (1 bar) | Pr 


The potential for the cell below is foung to 
0.25 V. L 
Pt (s) | H5 (g)) H* (ag), (1 mol /1.)|| Cu? 


(a4, C mol / L)| Са 
What is the value of C? 
A solution of MgSO, is electrolysed for 20 т. 
with a current of L5 A. What mass of magnesy 
is deposited atthecathode? 
(i) What are metallic conductors? 

(ii) What is molar conductivity? 
The emf of a cell corresponding to the reaction 
Zn(s) +2H* (aq) — Zn^ (0.1 M)+H,(g, latm)is 
0.28 V at 25°C. 
Write the half-cell reaction and calculate the py 
of the solution at the hydrogen electrode. 

лае 0.76 У,Е?. н, =0 
Find the equilibrium constant for the reaction, 
Cu” +In?*=— Cu* «In? 
Given that, Ecu?* усы” = 0.15 V, 

Evae 04V, E^ s. „= 0.42V 
A current of 3.7 Ais passed for 6 h between пісі 
electrodes in 0.5 L of a 20 M solution of Ni(NQ,.. 
What will be the molarity of solution at the end 
of electrolysis? 
What is a nickel-cadmium cell? State its one 
merit and one demerit over lead storage cell. 
Write the overall reaction that occurs during 
discharging of this cell. 
Give an example of a fuel cell and write the 
cathode and anode reactions for it. 


How is galvanisation different from cathodic 
protection of iron? 


A lead-storage cell can act both as galvanic and 
electrolytic cells. Explain. 


Elictrochemistry 


54 


55 


56 


57 


58 


59 


60 


State and explain three 


z . met 
of rusting of iron, hods of Prevention 


Calculate the emf for the 9; 
Blve ° 
CriCr** (0.1 М) Fe? (0.01 M) se at 25°C. 
[Given, E %3 к, 2-074 V, Rope? 
ia E° (Fe™/Fe)= -0.44 v] 
A strip of nickel metal is 


Placed in а] molar 

da Strip of silver metal is 
olution of AgNO}. An 
created when the two 

d by a salt bridge and’ 
nected by wires to'a 


solution of Ni(NO,), an 
placed in a one molar s 
electrochemical cell is 
solutions are connecte 
the two strips are con 
voltmeter. 


(i) Write the balanced equat; 
- at 
reaction occurring se cae for the overall 


(ii) Calculate the cell potential 
Е , E, y 
cell, if the initial concentr aA 
0.100 molar and the initi 
AgNO; is 1.00 molar. 
[Е° е 9—0.2 s 
Ni? /Ni SV,E Ag'/Ag ^ 0-80 V, 
log 10" = -1] 
Which of the following solutions h 
molar conductance? 
(i) 0.08 M solution havin 
20x 10707! cm 


‚ (ii) 0.10 M solution having resistivi 
58 Ocm. ty equae 


C for the 
ation of Ni(NO,), is 
al Concentration of 


as larger 


Б conductivity equal to 


Conductivity of two electrolyte solutions A and 
B each having a concentration of 0.1 M are 
85x 1075 cm"! and 41x 107* S cm" respectively. 
Which of the two offers less resistance to the 
flow of current ? 

The A^, values for NaCl and KCl are 126.5 and 
149.9 Q^! cm? mol" respectively. The ionic 
conductance of Na' at infinite dilution is 

50.1 Q7cm? mol”. Calculate the ionic 
conductance at infinite dilution for potassium 
ion (KŻ). 

Calculate the degree of dissociation of acetic 
acid at 298 K, given that 

An (снзсоон) = 11.7 S ст? mol" 

А (снусоо-) = 40:9 S cm? тог! 


Aa (at) = 34915 cm? mol" 


61 


62, 
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two 
‚аса there are 
In the electrolysis of sulphuric acid,t 


possible anodic reactions: 


- p-123V 
2H0 (I) — O;(g)* 4H* (aq) * 4* um 6V 
= = 1.9 
2802 (aq) — S;0$ (aq) +22 , В 
һу? 


, Р ам 
Which reaction occurs at anode ап m 
ous solution 0 


Explain why electrolysis of aque ? Write 
NaCl gives H, at cathode and Cl; at anode 

overall reaction. xi 2— 0.83 V, 
Given, E5,.*+;na 77 2:11 V, E?u;0/ H2 


о = + 
Beg: 7 136 V. Es нг joo 


SHORT ANSWER Type П Questions 


63 


64 


65 


66 


67 


68 


Calculate the standard cell potential at 25°C for 
the electrochemical cells, Zn (Zn? || reference 
half-cell and reference half-cell l|Cu?*|Cu, where 
the reference half-cell is, 
(i) SHE (ii) Ag/AgCl electrode. 
Calculate the standard electrode potential of 
Ni**|Ni electrode if emf of the cell, 
Ni (S]Ni^* (0.01 M)IICu?* (0.1 M)|Cu(s) is 0.059 V. 


[Given, Ее 2+ xu 7* 0.34 V] 


How many molecules of chlorine should be 
deposited from molten sodium chloride in one 
minute by a current of 300 mA? 
Calculate the standard free energy change taking 
place in H5-O, fuel cell in which the following 
reactions occur. 

(i) O, + 4H* + 4 —> 2H;0; E° 21229 V 

(ii) 2H, —> 4H* + 4e; Е° =0.000 V 


Degree of dissociation of pure water is 1.9x10°°. 
Molar ionic conductances of H* ions and ОН” 
ions at infinite dilution are 200 S cm? mol" апа 
850 S cm?mol" ! respectively. What is the molar 
conductance of water? 


Consider the following cell reaction; 

2Fe (s) + O, (g) + 4H* (aq) —9 2Fe?' (aq) + 
2H40 (1); E? 21.67 V 

At [Fe?*] = 107? M, p (0;) = O.1atm and pH = 3. 

What is the cell potential at 25°С? 
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69 
ЕТ molar conductivity (àm) of KCI solutions, at 
le concentration at 298 K, is plotted as 
shown in the figure given below: 


1502 
1498 
1494 
1490 
1486 
1482 
147.8 
147.4 
147.0 
0 о 005 .010 .015 .020 .025 .030 .035 


сС\2/(то\1.)!? 


Am/ (S cm? mor! ) 


0.034 


Determine the value of àm and A for KCl. 


Give the half-cell and net cell reactions in the 


following batteries. 
(i) Mercury cell 
(ii) Lead storage battery 
(iii) Lithium-manganese dioxide cell 


70 


71 Calculate the potential for half-cell 
containing 0.10 M K,Cr,0, (aq), 
0.20 M CÉ^* (aq) and 1.0 x 10 * MH" (aq). The 


half-cell reaction is 
Cr,0? (aq) + 14H* (aq) + 66° —> 
2Cr^* (aq) + TH5O(l) 


and the standard electrode potential is given as 
E°=133 V. 

72, One half-cell in a voltaic cell is constructed from 
a silver wire dipped in silver nitrate solution of 
unknown concentration. The other half-cell 

. consists of a zinc electrode in a 0.10 M solution 
of Zn(NO3)2. A voltage of 1.48 V is measured for 
this cell. Use this information to calculate the 


ntration of silver nitrate solution. 
— 0.763 V, M en Pt 0.80V] 
g /Ag 


73 Electric current is passed through two cells А and 
В in series, Cell A contains aqueous solution of 
Ag,SO, and platinum electrodes. Cell B contains 
aqueous solution of CuSO, and copper 
electrodes. The current is passed till 1.6 g of 
oxygen is liberated at the anode in cell A. 
Calculate the quantities of copper and silver 
deposited at the cathode of the two cells. 

[Atomic mass О = 16, Cu = 63.5, Ag = 108] 


сопсе 
[Given, Езен = 
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(i) Calculate the strength of the current requi, 
to deposit 1.2 g of magnesium from molten 
MgCl, in 1 h. 

[1 F = 96500 C mol", atomic mass of Mg =24,, 

(Н) An electric current of 0.15 A is passed thro, | 
500 mL of 0.15 М copper sulphate solution, 
How much time is required to deposit all the . 
copper? 

75 Inthe process of electrolysis of CrO;, the 

following reaction occurs. 

CrO,(aq) + 6H* + 6e” —> Cr(s) + 3H;O 


Calculate 
(i) amount of chromium deposited when 
24,000 C of charge passed. 
e required to deposit 1.5 g chromium usi 
mic mass of (Cr =52)) 


74 


(ii) tim 
12.5 Acurrent. (Ato 


LONG ANSWER Type Questions 


. 76 Discuss the products obtained in electrolysis of 


aqueous solution of brine. 
77 Calculate the equilibrium constant for the reaction 
2Fe'* + ЗГ 2Fe" + Б 


The standard reduction potential in acidic 
condition is 0.78V and 0.54 V, respectively, for 
Fe?* / Fe?* and]; / I couples. 
78 Iron may be protected from rusting by coating 
with zinc or tin. By referring to the data given 
below, explain why zinc protects iron more 
effectively than tin? 
7п?* +20 — Zn; Е°= – 016 V 
Fe?* 42€ —9 Ее; E°= — 0.44 V 
Sn?* + 2€ —9 Sn; E*- – 014 У 


79 (i) Why hydrogen is considered as a fuel resource 
for future? 

(ii) How can we generate energy from hydrogen fuel? 

(iii) Why do we need to reduce our usage of 
carbonacious fuels? 
80 @ Write the chemistry of discharging 
the Leclanche cell, highlighting all the 
materials that are involved during cell 
reactions. State its use. 

(ii) What is the difference between primary and 
secondary cells? Differentiate using their 
applications also. 

(iii) Prevention of corrosion is of prime 
importance. Comment. 


jacens 
pie 


\ 


yrite the Nernst equation а 
| following cells at 298 К, 


(i) Sn (551° (0:050м)ін'(оозому 
H2(g, Ibar) [Pt (s) 

(0 Pt (5)\Вг;({)ЇВг`(0,010М)үн' (0.030М) 

| \Н;(5,1Бат) |Pt (s) 


tht following curve is obtained When molar 
Б iductivity, A,, is plotted apainst the square 

4 of concentration, С!/? along y and x-axis 
respectively for the two electrolytes у and Y 


nd emf of the 
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| Ám (S cm? mor!) 


0.4 
ҮС (more | | - 
(i) What can you say about the nature of these 
two electrolytes? i 3 
(ii) Account for the increase in A „ for the 
electrolytes X andY with dilution, i 
(iii) Determine A7, for these electrolytes. 


0 02 


0.6 


(i) How much time is required for 1.5 g Ag to 
8 deposit when 1.50 A current is passed 

through an electrolytic cell containing AgNO, 
solution with inert electrodes? 

(ii) Write the reactions taking place at anode and 
cathode in case of i ; 
(a) Pt electrodes. 
(b) Ag electrodes. 


84 (i) Two electrolytic cells containing silver nitrate 
solution and dilute sulphuric acid were 
connected in a series, A steady current of 2.5 
A was passed through them till 1.078 g of 
Silver was deposited (Ag -107,8 g/ mol) 

(а) How much electricity was consumed? 
(b) What is the weight of oxygen gas 
liberated during the reaction? 


(ii) How many grams of Hg will be produced by 
electrolysing 1.0 M Hg(N O3), solution with a 
current of 2.00 A for 3 hours? 

[Hg(NO;), = 200.6 g / mol] 


Пого 


PPS 
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| ANSWERS 


1 
6 


ос 


О 


+ 


10 


() 2(b) 3() 4(d) 5 (a) | 

(b) The mathematical expression for molar conductivity 
is given as, 

kx 1000 

м 

where, A,, =molar conductivity of solution 


Am 


к = conductivity of solution 
M = molarity of the solution A 
-y..2 
(9 The units of molar conductivity A, aref1 !т mol 
or S cm? mol, 
(c) Given, к 27896x10 * $ ст! 
Molarity (M) = 000241 M 
к x 1000 
Molar conductivity, А, = x 
7896x10 ? S cm! x 1000 

№ 000241 M 


Ag =32.76 S cm? mol ' 


(c) Molar conductivity increases with decrease in 
concentration. This is because, the total volume (V) of 
solution containing one mole of electrolyte increases. 
(а) The graphical representation of variation of molar | 
conductivity with concentration for weak electrolytes is 
given as. 


(a) Galvanic cells that are designed to convert the energy 
of combustion of fuels like hydrogen, methane, methanol, 


г etc. directly into electrical energy are called fuel cells. 


Both (A) and (R) are correct and (R) is the correct 


© explanation of (A). 


11 


12 


13 


0) 


X 


14 


(b) They have an efficiency of 70% as compared to 
thermal plants whose efficiency is 40%. 


Both (A) and (R) are correct but (R) is not correct 


explanation of (A). 
(c) Electrolytes are used in fuel cells and conc. aqueous 


solution of KOH is used as electrolyte. Only (A) is 
Correct. 


(c) (i) It does not cause pollution 

(ii) It has high efficiency of 60-70%. Only (A) is true. 

(d) They have been used in automobiles on an 
experimental basis, Only (R) is correct. 

(d) Conductivity always decreases with decrease in 
concentration for weak and strong electrolytes, This is 
explained by the decrease in the number of ions per unit 


volume that carry current in solution on dilution, Thus, 
(A) is incorrect but (R) is correct. ' 
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15 


16 


17 


18 


19 


20 


33 


34 


35 


36 


(c) Pure water has small amounts of hydrogen and 
hydroxyl ions (~ 10^ 7 M) due to which it has very low 
conductivity (35 x 10? S m~ '). Thus, (A) is correct but 
(R) is incorrect. | 

(d) Pure water do not conduct electricity because it is 
unionised. Thus, (A) is incorrect but (R) is correct. 

(a) Solid NaCl does not conduct electricity due to the 
absence of free ions. 

Thus, both (A) and (R) are correct and (R) is the correct 
explanation of (A). 

(c) Mercury cell gives the constant voltage throughout 
its life because the overall reaction does not involve any 
ion in the solution, concentration of which changes 
during its whole life. Thus, (A) is correct but (R) is 
incorrect. | 

(а) Both (А) and (R) are correct апа (R) is the correct 
explanation of (A). 

(a) Both (A) and (R) are correct and (R) is the correct 


“explanation of (A). 


(c) (A) is correct but (R) is incorrect. The correct (К) is Г 
ions have much higher oxidation potential than water 
while F~ ions have much lower oxidation potential than 


water. 
Fe|Fe?^*|| H*|H;(g)| Pt(s) 


peg _ 0.059 155 [Mg?*] 
cell cell [Ag* 
Е. > Ecen : $ 
No. 
Negative E° means that the redox couple is stronger 


reducing agent than H*/ H3. 

Inter-ionic attraction, polarity of a solvent, viscosity, 
temperature and concentration. 

Charge on ions, size of the ions in which they dissociate 
and concentration of ions. 

[Ans s 2167 x10? mol L!] 

Charge = N 4 x16021 x107"? = 96500 C mol” 


When aqueous NaC! solution is electrolysed, Н, is 
liberated at cathode, Cl; at anode and NaOH is formed 
in the solution. Hence, pH of solution will rise. 

A primary battery or cell is a device in which reactions 
occurs only once and after use (over a period of time), 
battery becomes dead and can not be reused. e.g. 
mercury cell. 

For a battery to be of practical use it should be resonably 
light, compact and its voltage should not vary 
appreciably during its use. : 

Uses of mercury cell It is suitable for low current 
devices like hearing aids, watches, etc, 
Nickel-cadmium battery has longer life than the lead 


storage cell. 
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Н, – О, fuel cell run continuously as long as the 
reactions are supplied to it and products are removed 
continuously. 


For M"*(aq) +пе —9 M(s) 
RT 1 
— F° жабаар. 
E yem TE мм nF  [M"*] 


Fuel cell is highly efficiency (707) method when 
compared to the efficiency of thermal power plants (407) 
that is a major source of pollution. Fuel cell have been 
used in automobiles on an experimental basis. Н, - O, 
fuel cell was used for providing electrical power in 
Apollo space programme. 


Cr, Sn or Zn. 


. _ 2303 RT 


Ега = log Ke. 


nF 

A cell becomes dead after a long time, even if it has not 
been used because the acidic NH,CI corrodes the zinc 
container. 


Ед = Е° ALES 


/H 2 Fe 2* /Fe 
0.0591 е?* 
Есер = | € amm og Ue 
n [H'] 


[Ans C = 8.89 x 10^ * то! !] 
Refer to text on page 55 [Nernst equation]. 
Refer to example 1 on page 73. 
(i) Refer to text on page 63. 
(ii) Refer to text on page 64. 
Refer to solution 18 on page 60. [Ans. pH - 8.6] 
[Ans К 210? ] 
[Ans M = 1.172 М] 
Refer to text on page 79. 
Refer to text on page 79. 
Refer to text on page 80. 
Refer to text on pages 78. 
Refer to text on page 80. 
Refer to solution 25 on page 61. 
(i) Ni(s) + 2Ag' (aq) ә Ni? (aq)  2Ag (s) 
(ii) Esen —10795V 
Refer to solution 19 on page 60. 
(i) Am = 250 Q^! стој"! 
(ii) Am 21724 Q~! cm*mor'! 


ig: solution (i) has larger molar conductance 


К о — 

К 
Henes; B will offer greater resistance 
Ake =735 О”! cm? mor! 
Refer to solution 23 on page 70. 
Refer to text on page 74. 


Electrochemistry 


62 Refer to text on page 73 and 74. 

63 [Ans (i) 0.76 V, 0.34 V (ii) 0.98 V, 0.12 V] 
64 [Ans0.31 V] 

65 [Ans 5.616 x 10? molecules] 

66 [Ans - 4744 kJ] 

67 [Ans 1.045 x 10” f S cm? то] `] 

68 [Ans 1.57 V] 

69 Refer to solution 23 on pages 70. 


70 (i) Refer to text on page 78. 
(ii) Refer to text on page 78. | 
(ii) At anode : Li(s) — Lit +e 
At cathode : MnO, (s)+ Li* +е —— LiMnO,(s) 


71 [АпѕЕ, =0.78V] 
72 [Ans =1.24x10 ^ M] 
73 [Ans Ag 721.6 g, Cu =6.35 g] 
74 (i) [Hint Q - i x t] 
(ii) Refer to solution 16 on page 76. 


75 (i) Refer to solution 18 on page 77. 
(ii) Refer to solution 16 on page 76. 


Visit : https://youtu.be/xDITrdbajAs 
OR Scan the Code 


Visit : https://youtu.be/k_ vROEQbSgY 
OR Scan the Code 


76 Refer to text on page 74. 


о 0.059 
77 [Hint ЕЗ, = 2951 tog K] [Ans K,, 210] 


n 
78 Refer to solution 16 on page 82. 
79 Refer to text on page 79. 
80 (i) Refer to text on page 77 and 78. 
(ii) Refer to text on pages 77 and 78. 
(iii) Refer to text on page 80. 
81 Refer to solution 22 on page 61. 
82 Refer to text on pages 65 and 66. 
83 (i) Refer to text on page 52. 
(ii) Refer to text on page 52 and 53. 
84 (i) (a) Refer to solution 20 on page 77 [Ans 965C] 
(b) Refer to solution 20 on page 77 [Ans 0.16g] 
0) Hg^* + 2e7 —— Hg 
Quantity of electricity =it 
=2Ах3х 60x 60 = 21600C 


2x 96500 С of electricity produce mercury =1 mol 


21600 C of electricity will produce mercury 
1 


~ 2x 96500 


x 21600 =0112 mol 


RELATED ONLINE VIDEOS l 


Visit : https://youtu.be/J1ljxodF9 g 
OR Scan the Code 


Visit : https://youtu.be/NpXz9t06hYs 
OR Scan the Code 
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CHEMICAL KINETICS 


For any chemical reaction, thermodynamics tells about the feasibility of a 


reaction (for any physical-chemical reaction, AG < 0, at constant 
ressure), chemical equilibrium tells about the extent to 


temperature and p 
s about the rate at 


which a reaction will proceed and chemical kinetics tell 
which a chemical reaction proceeds and the factors which control this rate. 


The word kinetics is derived from the Greek word ‘kinesis’ meaning 
movement. Chemical kinetics is the branch of chemistry which deals with 


the study of the chemical reactions with respect to the reaction rates the 
factors affecting the rate of reactions and the mechanism by which the 


reactions proceed. 
Consider two reactions, i.e. rusting of iron nail and combustion of 


propane. Here, the latter reaction take few seconds for its completion 


while rusting of iron may take few hours, days or even weeks for its 
initiation. So, there are factors which affect the rate of chemical reactions. 


The study of these factors and rates is known as chemical kinetics. 


| TOPIC 1| TNT 
Rate of Chemical Reaction, 
Rate Expression and Rate Constant 


CHEMICAL REACTIONS 
When one or more substances undergo a change which results in the 
formation of a new product, it is called chemical reaction. On the basis of 
their speeds, chemical reactions are of three types which are as follow : 
(i) Very fast reactions Some reactions (such as ionic reactions) occur very 
fast, e.g. precipitation of AgCI from AgNO3 and NaCl. 
(ii) Very slow reactions Some reactions are very slow, e.g. rusting of iron in 


the presence of air and moisture. 
iii ; " 
(iii) Moderately slow reactions Some reactions occur at moderate speed, e.g. 


inversion of cane sugar and hydrolysis of starch. 


CHAPTER CHECKLIST 


e Rate of Chemical Reaction, 
Rate Expression and Rate 
Constant 


• Order and Molecularity ofa 
Chemical Equation 


• Integrated Rate Equations 


• Temperature Dependence of 
the Rate of a Reaction 


reactions generally Occur in 1 


On th 


two types 35 


Chemical Kinetics 


fe] Ionic а are very fast reactions. lonic 
0-12 to 10716, 


е basis of number of steps, chemical reactions are of 

follows : 

(i) Elementary Reactions A balanced chemical equation 
does not give a true picture of how a reaction takes 
place. It is very rare that the reaction gets completed in 


one step. 
The reactions taking place in one step are called the 


elementary reactions. 

(ii) Complex Reactions When a sequence of elementary 
reactions (called mechanism) gives us the products, the 
reactions are called complex reactions. Each step in a 
complex reaction is called elementary step of a reaction. 
Complex reactions may be consecutive reactions 
(e.g. oxidation of ethane to СО» and H50 passes 
through a series of intermediate steps in which alcohol, 
aldehyde and acid are formed), reverse reactions and 
side reactions (e.g. nitration of phenol yields 
o-nitrophenol and p-nitrophenol). 


RATE OF A CHEMICAL 
REACTION 


Rate of chemical reaction means the speed with which the 
reaction takes place. The speed of a vehicle is expressed in 


ote Reactions involvin 


© terms of distance travelled per unit time, in the same way, 


the speed or the rate of a chemical reaction can be defined 
as the change in concentration of reactants or products per 
unit time. It can be expressed in terms of 
(i) the rate of decrease in concentration of any one of the 
reactants, or 
(ii) the rate of increase in concentration of any one of the 
products. 
Consider a simple hypothetical reaction, assuming that the 
volume of the system remains constant such that one mole 
of the reactant R produces one mole of the product Р, 
R—P 
ІА), and [P], are the concentrations of reactant, R and 
product, P respectively at time гу and [А], and [P]; are the 
concentrations at time ¢,, then 
At= 2—1, 
" AR z[R], - [A], or AP =[P], -[P], 
er 
= 6, the square brackets are used to express molar 
Acentration.) 
Rate of di 
disappearance of R 
ae concentration of R — АА 


Time taken — At aN 
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Rate of appearance of Р 
_ Increase in concentration of P А[Р] 
2а с3 


| Time taken At 


Since, A[R] is a negative quantity (as concentration of 
reactant is decreasing), it is multiplied by —1 to make 
the rate of the reaction a positive quantity as rate is 
always a positive quantity. e.g. 


- (ii) 


For the reaction, 

| PCl;(g) —9 PCl; (g) + Cl; (g) 
Rate may be expressed as : 

Bab A[PCI s ] _ A[PCl; ] E A[CI; ] 

| At At: At 
Note Symbol A is used for larger change and symbol 'd' is used 
for smaller change. 
Units of rate of reaction Unit of rate of reaction is 
concentration time !. If Concentration is in mol L`? 
and time is in second, then the units of rate of reaction 
will be mol 17 151, However, in gaseous reactions 
when the concentration of gases is in terms of their 
partial pressures, the unit of rate of expressed their 
reaction will be atm $71. 


Average and Instantaneous 


Rate of Reaction 


If the rate of appearance of products or disappearance 
of reactants comprises over a long interval of time then 


it is expressed as average rate of reaction, 7y- 


| fae 458 2s fa) 
АР] 
= + A: co i) 


Eqs. (i) and (ii) represent the average rate of a reaction 
(r,,), which depends upon the change in concentration 
of reactants or products and the time taken for that 


change to occur. 

The concentration of reactants goes on decreasing with 
time, therefore, the rate of a reaction does not remain 
constant throughout the reaction process. Thus, cannot 
be determined simply by dividing the total change in 
concentration by the time taken. In other words, rate of 
a reaction may be expressed at a particular moment of 
time, Such a reaction. rate is called instantaneous rate 


of reaction (ууу). It is expressed as 


! d[R] d[P] 
8 4 "apto A. 


As At 0, Instantaneous rate = Average rate 
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Experimental Determination of Its instantaneous rate can be find out by graphical method, 
Rate of a Reaction 


ати of а reaction сап be determined from the slope 
of the graph between the concentration of any of 
the reactants or products and time as given below: 


2 
S 
o 
© 
5 Time (s)— 
5 Instantaneous rate of hydrolysis of butyl chloride (Са НСІ) 
Е 
5 Determination of instantaneous rate graphically is done by 
8 drawing a tangent at time ¢ on either of the curves for 
concentration of R and P vs time ғ and calculating its slope 
(figure). If we plot a graph of concentration of butyl chloride 
as a function of time and if, we draw a tangent that touches 
hi the curve at г = 6005 , then the slope of this tangent gives the 
$ instantaneous rate. In the above example, at ¢ = 600 s, 
a d[R] 0.0165 — 0.037 
2 finst 77 = — — — | mol L! 
© dt (800 — 400)s 
Б —5 = = 
5 =5.12x 10? mol L` s 
o 
8 Similarly, 
at t=2505, rinst = 1-22 X 107^ mol Ls! 
(b) #©250% fing = 10X10 5 mol L's 
Determination of instantaneous and = =f = 
average rate of a reaction — | t=4505, rins =6-4 X10 5 mol 1717! 
e.g. Consider the following reaction, EXAMPLE |1| For the reaction, R > P,the 
C4HoCl + H2O ——> C4HoOH + HCl concentration of a reactant changes from 0.03 M to 0.02 Min 
during diff : eS 25 min. Calculate the average rate of reaction using units of 
unng iio А чь. Ome E time both in minutes and seconds. NCERT Intet 
t/s сї/то!1^1 
БАС : Average rate of reaction — Rate of change of [R] or [Р] 
0 0.100 - Change in concentration of [R] or [Р] 
——— Time taken 
50 0.0905 i 
See Sol. For the reaction, К —9 Р 
100 0.0820 р Average rate of reaction | 
150 0.0741 _ Change in concentration of reactant/ product 
——————————— Time taken 
200 0.0671 ALR] — {[В›]-[К]} __ (0.02 0.03) M 
= — 3 = | Oe —————— 
300 0.0549 : Bui t2 7 19 
Коба на == тш 
975007 =4x10 mol L'!min^! 
400 0.0439 25 min 
Е e HL Aat admo a Bede 
Converting unit of time in seconds 
700 0.0210 Mero | 
4x10 nol L's“! = 666x105 mol L7! s^! | 
800 0.017 


————————— 
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Mathematical Expression for 


Rate of Reaction 
(i) If stoichiometric coefficients of the reactants and 

products are same, then the rate of reaction will be 
same whether it is expressed in terms of decrease in 
the concentration of reactants or increase in the 
concentration of products. 
e.g. PCls — PCl3 + Cl 

1 mol 


1 mol 1 mol 


Rate of reaction for such reaction, 


_ A[PCI;] da A[PCl3] АС] 
At At At 
Similarly, we can take example of 
Hg(/) + Cl (g) — НЕСІ, (s) 
A[Hg] ДІСІ] 


C At 


te of reaction = — 
М At 


= A[HgCl, ] 
7 At 
(ii) If the stoichiometric coefficients of reactants and 
products in the balanced equation are not same or not 
equal to one, then to get identical value of the rate of 


reaction in terms of any reactant or product, the rates” 


are divided by their respective.stoichiometric 


coefficients, 
ер. 2N20, — 4NO, + О» 
2 mol mol 1mol 
A[N5O 
Rate of reaction =— Д А 205] 
At 
1A[NO;] ДО] 
Рр ee UE 
4 At At . 


Similarly, for the reaction of decomposition of HI 
2HI(g) — > Н, (6) + Ip(g) 


Rate of reaction = — 1 ATHY 
2 At 
„АНІ, А] 
Аг At 


For a more complex reaction, 
В: (aq)  BrO; (ag) + GH* (aq) —9 3Вг, (aq) + 
3H20 (/) 
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Rate of reaction = — 1 A[Br ] e A[BrO3 ] 
At At 
=_ TATA") -bA(Br] : | 
6. Ab '.3 “де $7 "A; 


EXAMPLE |2| The decomposition of №0 in CCl, at 
318 K has been studied by monitoring the 
concentration of №0; in the solution. Initially the 
concentration of N50; is 2.33 mol 171 and after 184 
minutes, it is reduced to 2.08 mol L^, The reaction 
takes place according to the equation 
2N;05 (g)—3 40; (а) +0200) 
Calculate the average rate of this reaction in terms of 
hours, minutes and seconds. What is the rate of 
production of NO, during this period? NCERT Intext 
Sol  AverageRate- ца „ш 
2 At 
_ _ 1 (208-233) mol L7! 
"2 184 min 


= 679x107* mol L/min 

= (679107* mol L^! іп!) x(60min/th) 
= 407 x107? mol L/h 

= 679x10 * mol L7! x 1 min/60s 


=113х107° mol L7!s7! 
According the given equation, 
Rate = {Акош 
4 At 
A[NO;] «679% 107# x4 mol L^! min"! 
= 272x107? mol L^! min"! 


EXAMPLE |3| For the reaction, 24 —5 products, 
the concentration of A decreases from 0.5 mol L7! to 
0.4 mol L` in 10 min. Calculate the rate during the 
interval. ' NCERT Intext 


Sol. Rate of reaction = Rate of disappearance of A 


10 min 


= 0.005 mol L^ min”! 
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FACTORS INFLUENCING 
RATE OF A REACTION ` 


Rate ofa chemical reaction depends upon the 
experimental conditions like concentration of one or 
more reactants (pressure in case of gases), temperature, 
catalyst and surface area of the reactants. 

(i) Concentration ofreactants Reactions occur with 

ter speed when concentration of the reactants is 
high. Conversely, reaction rate decreases as the 
concentrations of the reactants decrease. 

(ii) Temperature It also influences the rate of reaction. 
Reactions occur with greater speed at higher 
temperature. Speed of a reaction nearly doubles on 
10?C rise in temperature. 


(iii) Catalyst A catalyst alters t 
to attain the equilibrium quickly. It participates i 
reaction without being consumed. 

(iv) Surface area of the reactants Smaller the particle 
size, greater the surface area and faster is the 
reaction. So, powdered form of catalyst is better 
catalyst. 

(v) Nature of the reactants and the products Rates of 
reactions are influenced by the nature of reactants 


and products. 

The reactivity of a s 
with which the speci 
e.g. The oxidation of nitric 
takes place considerably faster whi 
to CO; takes place slowly. 


(vi) Presence of light Some reactions do not takes place in 
the dark rather they require light for their initiations. 
H, + Cl; ——2HCI 
ns are called “photochemical reactions". 


becomes faster in presence of 
ry activation energy for 


he speed of reaction. It helps 
n the 


ubstance depends on the ease 

fic bonds are broken or formed. 
oxide to nitrogen dioxide 
le oxidation of CO 


e.g 
Such reactio 
Reaction rate normally 


light. Light gives the necessa 
starting the reaction. 


RATE EXPRESSION AND ^ 
RATE CONSTANT 


Rate of a chemical reaction at a given temperature may 
depend on the concentration of reactants and products. 
The representation of rate of reaction in terms of 

concentration of the reactants Js called the rate law, rate 


equation or rate expression. 
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Consider a general reaction, 
аА+&В — cC*4D 


where, a, b, c and d are the stoichiometric coefficients of 


reactants and products. 
The rate expression for the above reaction is 

x 
Rate œ [A] [В]? 
x апа y are determined experimentally 
be equal to the stoichiometric 
he reactants. Above equation 


where, exponents 
and may or may not 
coefficients (а and b) oft 
can also be written as: 


Rate =k[A]* [BY 
a(R) _ pray (Bp 


— — 
n is known as differential rate 
he proportionality constant called 


of above equation, rate lw 


This form of equatio 
equation, where kist 
With the help 


rate constant. 
ant can be described. 


and rate const 


Rate Law 
It is the expression in which the reaction rate is given iz 
terms of molar concentration of reactants with each tem 
raised to some power, which may or may not be same as 
the stoichiometric coefficient of the reacting species in 
balanced chemical equation. 

Rate law for a chemical reaction can 
the balanced chemical equation, i.e. t 
to be determined experimentally. 


eg. 2NO(g)+ O,(g) — 2NO;(£) 
We can measure the rate of this reaction as à function of 
initial concentrations either by keeping the concentrate? 
of one of the reactants constant and changing the 
concentration of the second reactant or by changing the 
concentrations of both the reactants. 


oubled and that of Or" 


: г 
е increases by 2 acto 


not be decided from 
heoretically. Ie has, 


e.g. If concentration of NO is d 
kept constant, then the initial rat 


four. 

This indicates that the rate depends upon the squat d 
the concentration of NO. When concentration 0 0° 
kept constant and concentration of О, is doubled, et 
initial rate also gets doubled indicating that rate dep?" 

on the concentration of О, to the first power. 


Hence, the rate equation for this reaction will be 


Rate = [NO] [O4] 


chemical Kinetics 


The differential form of this rate expression is 


249 - LNOT'(0;] 


[n this 
Pd are given below: 
(i) CHCI, +Cl, —9 CCl, + НСІ 
Rate = [CHCI; J[Cl, 12 


(i) CH,COOC;H; + H,O —> CH,COOH 


Rate = k[CH;COOC,H, ] [HO] 
In these reactions, the exponents of the concentration 
terms are not same as their stoichiometric coefficients. 
Hence, rate law for any reaction cannot be predicted 
by merely looking at the balanced chemical 
equations, i.e. theoretically but must be determined 
aperimentally. We will discuss these exponents in next 


topic. i 
Rate Constant 
(Specific Reaction Rate) 
From the rate equation, when concentration of all the 
reactants is unity, then 
Rate = 2 
where, k is called the rate constant. 
Hence, it is defined as the rate of chemical reaction 


when concentration of each reactant is unity. The rate 
constant is also called the specific rate of reaction. 


Characteristics of Rate Constant 
(i) Rate constant is a measure of the rate of reaction. 
Greater is the value of the rate constant, faster is the 
reaction. 
(0 Each reaction has a definite value of the rate constant 
at a particular temperature and its value for the same 
, Taction changes with change in temperature. 
(ii) Its value does nor depend upon the concentrations of 
the reactants, 


iy : i 
() The unit of rate constant depends upon the order of 
Feaction, | 


reaction, the exponents of the concentration terms 
e as their stoichiometric coefficients. Some other 


+ C;H,OH 
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EXAMPLE |4| The following results have been 
obtained during the kinetic studies of the reaction, 


2A + B——»5 
| С + D. ~- NCERT 
p Initalrateof — 
Exp. [A]/molL [B]/molL^! formation of 
[D] / mol L^! min"! 
1. 0.1 0.1 6.0x 1073 
<= шшш. ас ООЗ ыл болу? _ 
2. 0.3 0.2 7.2х 107? 
3. 0.3 0.4 2.88x 107! 
4 0.4 0.1 2.40x 1072 


Determine the rate law and the rate constant for the 
reaction. 


Sol. Rate law may be expressed as 
Rate = k [A]*[B]” 


(Rate); = 6.0 x107? =k (0.1)% (0.1) ...(i) 
(Rate); = 7.2 x 107 ? = k (0.3)*(0.2)” . ü) 
(Rate), = 2.88 x 107 ! = k (0.3)*(0.4)” (й) 
(Rate)4 = 2.40 x 107 ? = k (0.4)х(0.1)У (iv) 


(Rate), _ 6.0 x107? _ k (0.1)* (0.1)? 


(Rate), 2.40x107?  k(0.4)*(0.1)" 
x x 
4 (04) U 


x=1 
(Ra); _ 7.2x 107? К (0.3)* (0.2)” 
(Rate), 2.88x 107! К (0.3)*(0.4)” 


1 (0.2 Bl 

or =—=———=< 
4 (0.4)? 2 
у=2 


Now, rate law expression is given by 
Rate = k [A] [B]? 
Rate constant, k can be determined by placing the values of 
A, Band rate of formation of D. By taking the values from any 
experiment, say experiment 2. 
Rate = К [A] [B]? 
ТЕ Rate _ 7.21072 mol 17! min! 

[A][B]? (0.30117 1)(0.2 mol L™)? 

1 


or к =6.0 mol” Ê L?min7 


| TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


1. Rate of which of the following reactions can 


be determined easily? 
(a) Rusting of iron in the presence of air and moisture 


(b) Hydrolysis of starch 
(c) Reaction of silver nitrate with sodium chloride 


(d) All of the above 
2. Which of the following expressions is correct 
for the rate of reaction given below? 
5Br (aq) + ВгОз (aq) + 6H* (aq) > 


3Bry(aq) + 3 H20(7) 
NCERT Exemplar 
- + - + 
At At At: 5 At 
- * - + 
«у abe samy qs Ar] A07] 
At 6 At At At 


3. Contact process is used in the formation of 
sulphur trioxide, | 
2S05(g)* O2(g) === 2503(8) 
The rate of reaction can be expressed as 
24192 —2.5х107% mol L! st. 


Then rate of disappearance of [502] will be 


(a) 50.0 х 1075 mol L! s7! 
(b) 3.75х 107% mol L! 571 
(с) 2.5х 107% mol L! т! 


(d) 4.12x 107% molL ! s^ 
4. Agraph of volume of hydrogen released vs time 
for the reaction between zinc and dil. HCl is 


given in figure. On the basis of this, mark the 
correct option. NCERT Exemplar 


1 


Vs 
Va 


© 2030 40: 50 


(a) Average rate upto 40 s із d 
VW, - V2 
(b) Average rate upto 40 s is pom 
УЗ 
(с) Average rate upto 40s is 2d 
V3 - Vi 


(d) Average rate upto 40 s is 20520 


In a reaction, 2x > у, the concentration of x 
decreases from 3.0 M to 1.5 M in 4 min. The rate of. 


the reaction is 
(a) 0.187 M min ^ 
(с) 3.75 х107'М min" 
Rate law for the react 
be | 
| Rate = k[A][B] 

eactant ‘B’ is doubled, keeping 
the value of rate 

NCERT Exemplar 


1 (Ь) 1.87 М тіпт! 


! (d) 0.75 M тіп"! 
ion А+2В —— C is found to 


Concentration ofr 
the concentration of ‘A’ constant, 


constant will be.......... Я 
(а) һе ѕате 

(с) quadrupled 

The factors affecting the rate of a reaction are 


I. temperature 

II. pressure 
III. concentration of reactant or pr 
IV. catalyst 
Choose the correct option fr 
given below. 
(a) I, Папа Ш 
(c) II, III and IV 
During a chemical reaction with increase in 
temperature, rate of a reaction 


(a) decreases (b) increases 
(c) remains constant (d) show irregular trends 


(b) doubled 
(d) halved 


oduct 
om the alternatives 


(b) 1, II and IV 
(d) АШ of these 


VERY SHORT ANSWER Type Questions 


9. Forthe reaction 


2N205(g) — 4NO2(g) +02(8), 
the rate of formation of NO9(g) is 2.8x 10^ 3Ms ^. 


Calculate the rate of disappearance of N20s(£). 
CBSE 2015 


10. What is the rate of disappearance of hydrogen in 


the following reaction? 
ЗН + № —À 2NH3 
i 
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erate for the formation of С, for the reacti ali J 
It. y ; z йе action 19. The following results have been obtained during 
given below, 15 2.2x 10 ~ mol 17 min '*. the kinetic studies of the reaction: 
2A+B—->C P+20>5R+2S 
а[А " 
What is the value ФР. [A] ? Exp. Initial P Initial Q Initial rate of formation of R 
dt | © (moll) (той) (M min?) 
12. Why does the rate of any reaction generally 1 0.10 0.10 e 30x 10-5 
decreases during the course of the reaction? ME = SEES 
2 
NCERT Exemplar e ы Ба емы ылы _ 
13. Howis the rate law different from law of mass : 910 990. — |... 40х10 
action? ; 4 0.20 0.40 60107“ 
is the rate for the reacti i т | : ee eee, SU EE 
14. What is the ion given below? Determine the rate law expression for the 
Clo(g)+ 2NO(g) —> 2NOCI(g) reaction. CBSE SQP 2021 
SHORT ANSWER Type I Questions . SHORT ANSWER Type II Questions 
15. How can average and instantaneous rates of a 20. For the reaction. 2NO 
А ; + Cl —— 2NOCI 
reaction can be determined from the plot of (8) 2(8) (s) 
concentration versus time ? The following data were collected. All the 
| measurements were taken at 263 К. CBSE SQP 2021 
16. Mention the factors that affect the rate of Е > - а 
; - 1-4 iti nitial rate o 
chemical reaction. NCERT Exp. No. е СПА) disappearance 
17. How can you determine the rate law of the | RARE 27 смт) 
following reaction? : NCERT Exemplar 1. 0.15 0.15 0.60 
2NO(g)+ О —— 2NO 
ш) 28) 2(8) . : 2. 0.15 0.30 1.20 
18. Fora reaction the rate law expression is 
represented as follows: CBSE SQP 2021 3. 0.30 0.15 2,40 
Rate = k[ A] [B]!/2 | 4.7 0.25 0.25 ? 
(i) Interpret whether the reaction is elementary | ] х 
or complex. Give reason to support your (i) Write the expression for rate law. | 
answer. (ii) Calculate the value of rate constant and specify 
(ii) Write the units of rate constant for this us иие -— ; i . 
reaction, if concentration of A and B is (iii) What is the initial rate of disappearance of Cl in 
experiment 4? 


expressed in moles/L. 


| HINTS AND EXPLANATIONS| . 


1, E 
(b) Rate of only those chemical reactions can be - A[SO2] =2 (- мол 
At 


‘termined easily which occurs at moderate speed, e.g. 


| hydrolysis of starch, inversion of cane sugar etc. 
Rcs chemical reaction is ^ -A[50j] .. 2x 25x 1074 mol I^! s^! 
5Вг (ад) + ВгО, (aq) -6H* (a a: 
kb А ( ) А oll) =5.0x 107? mol L! 87! 
—— 3Br(aq) + E PET 
Ra j 204 : = 50. 0 3 IL s g 
ns €xpression for the above equation can be MORA no 
бе 4. (c) Zn+ Dil. HCl —9 ZnCl, + He T 
1 F p 
NI -A[BrO,] © -1 A[H*] +1 A[Bry] Average rate of reaction 
ш At Ma Ato 3 At Change in concentration оН. V4-0 WV, 
мд STS ү ы р aD GAG 
d A[Br] 5 A[H*] Change in time 10-0 40 


ОО 


5. (а) Rate of reaction = _1 4х1] Eo [153.0] 
2 dt 2 4 
1.5 
8 
6. (Б) Rate law can be written as 
Rate = k[A][B] 
Ry =k [A] [2B] = 2R, 

Therefore; as concentration of B is doubled keeping 

the concentration of A constant rate of reaction gets 

doubled. 


7. (d) The factors affecting the rate of a reaction are 
temperature, pressure, concentration of reactant or 
product and catalyst. 

8. (b) Rate of a reaction increases with increase in 
temperature. 


20.1875 M min"! 


9. (b)Forthe reaction, 2N50s(g) c3 4NO2(g) + O2(g) 


overall rate of reaction is 
_ 1 409205] _ , 1 d[NO;] . , 402] 


2 dt 4 а dt 
Given, 4[NO;] =2.8x 107 ? Ms^ L 
dt 1 
_ d[N203] _ ? 
dt 
_ 1 409205] _ 1 d[NO;] 
. 2 dt 4 dt 


Putting the given values in the above equation, 


we get 
– 409205] 1, 2х 2.8% 10° 3 Ms~ 1 
dt 4 
-14x10 3 М7! 
1 d [H5] 


10. Rate of disappearance of hydrogen 37 di 


Rate of reaction = — * sar = 3: 
= _ ФА] _ 24(C) 5 2x 22x 10° 
dt dt 


= 44x 1073 mol L^! 


12. The rate of a reaction depends on the concentration of 
the reactants. As the reaction proceeds to forward 
direction, concentration of reactant decreases and that 
of product increases. 

So, the rate of reaction generally decreases during the 
course of reaction. 

13. Rate law states that the rate of reaction depends upon 
the concentration terms of reaction that is observed 
experimentally. While the law of mass action is simply 
based upon the stoichiometry of the equation. 


14. Rate = k [Cl] [NO]? 
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AIR] _ , ALP], 


15. [Hints =- ; 
[ Гау Ai AT 
inst = DET (negative slope) 


- e (positive slope)] 


Refer to the text on page 94. 


16. Refer to the text on page 96. 
[Hints Concentration, surface area, nature of reactants 
temperature, catalyst etc. are the factor that affect the E. 
of reaction.] 

17. Refer to text on pages 96. 


[Hint Rate = k [NO]? [O;]] 
18. (i) For an elementary reaction, order of reaction must be 
equal to the molecularity but molecularity should be 


integral. 

For the given rate law, order of reaction comes out to 
3 1 

cannot be a [1+ ы: As molecularity be fractional. 


Therefore, order is not equal to molecularity. Hence, 
the given rate law do not belong to an elementary 


reaction. 
(ii) Unit of rate constant are mol 1/2 


19. For reaction, P - 20—— Е +25, 
Let the rate law expression be rate — k{PI* tol” 


11/25 -1 


For experiment 1, 


Rate 1 = 30x107 = k(010)* (010) 0) 
For experiment 2, 
Rate 2 = 9.0 x1074 = k(0.30)*(0.30)” (ii) 


For experiment 3, 


Rate 3 = 30x10 * = k(010)*(0.30)” (i) | 
From Eqs. (i) and (iii), 
y y 
Rate(1) -G) af ры B 
Rate(3) X3 3 
Rate (2) x x 
So, y = 0 d ————-2(3? = 3=(3 
ЫЛЕ and ра) (3) (3) | 
So, x =1 
2. Rate law = k[P] 
20. (i) The rate law for the reaction 


Rate = k[NO]*[Clo] (Refer example 4 on page 


can be calculated by substituting the 
he experimen 


0.60 


(ii) Rate constant 
value of rate, [NO] and [Cl,] for any oft 
Rate _ 0.60 


й [мо]? [СІ] ^ (015)^ (015) Е 0.00338 
1 


| 
133) | 
| 


= 177.51 mol~*L?min~ 
(iii) Let initial rate of disappearance of Cl; 
4 is E 


be xperime? 


п = k[NO [Clz] = 177.51 x (0.25)^ (0.25) 
- 278 M/min 


ITOPIC 2| 


Order and Molecularity of a Chemical Reaction 


ORDER OF A REACTION 


The sum of the exponents of the concentration of 
the reactants in the rate law expression is called the 
order of that chemical reaction. 


For a general reaction, 


aA+bB—>cC+dD Кае =k[ AP [B] 


Here, x and y, calculated experimentally, indicate 
how sensitive the rate is to the change in 
concentrations of A and B. Sum of these exponents, 
іе. x+ y gives the overall order of a reaction 
whereas, x and y represent the order with respect to 
the reactants A and B, respectively. 


Order of a reaction can be 0, 1, 2, 3 and even a fraction. 


À zero order reaction means that the rate of reaction 
is independent of the concentration of reactants and 
the reaction is extremely fast. 


For instance, if rate of any reaction is expressed as: 
Rate - 4 [A]? [ p? 

1 3 

Then, order =x + у=-+—=2 

2.2 


Hence, reaction is said to be of second order. 


EXAMPLE |1| For a reaction, P ——> Q, the rate 


becomes 8 times when concentration of P is doubled. 
What is the order of the reaction? 


Sol. Let Rate, r=k [Р]! ; (i) 
8r - k [2P}" (й) 
On dividing Ед. (ii) by Eq. (i), we get 
8r kp 
r рр 
or [2 = [2" or n=3 
Therefore, order of the reaction is 3. 
Units of Rate Constant 


i a of rate constants of different orders are 

A nt, This can be easily illustrated below: 

га Benera] reaction, 1) 
aA+bB— 5 ¢C+dD 

Rate = £[ 4}*[ В]? i 


nna 


where, x + Jy = п = order of the reaction 


p= Rate 
[A] В]? 


concentration ] 
=e x 


time, (concentration)” 


l-n time”! 

(where, [A] =[B]) 
Considering SI units of concentration, mol 1. апа time $, 
the unit of f z(molL ^) "s. Thus, the units of & for 
different order of reaction are given below: 


— (concentration) 


For zero order (7 = 0) reaction, 


-1 
Unit of 4 on We = mol L7!s7! 
5 (то! [^ j0 
For first order (7 = 1) reaction, 
D 53 - 
0А еи TIMES UTE l 
5 (molL `) 
For second order (n = 2) reaction, 
— ] 
1 2: af 
Unit of & a molh ДЫЙ = mol L sT! 


5 (то! 11)? 


For nth order reaction, 


. concentration 1 
Unit of = ——— — — X == 
ume (concentration) 
mol L^! 1 
bx Жерге 
S (mol L ) 

1 nick = 

E RTL с. 


5 (mol i! ү 


Note Rate constants of gaseous reactions аге expressed in terms of 
partial pressure instead of concentration, 
m 


'Summary : Units of rate constants 


lon In solutions ` 2986005 
Reaction Reaction in solu fonctions 
rh н 
ponen Еге -1 
Zero order mol L7's7! atm s 
aha EE - 
First order | $ $ 
" mol"! s^ -1 -! 
Second order mol"'L s7! atm! s 
Quit А 
nth order (mol {7!)!7"в^'! (atm)? s7! 


а 
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EXAMPLE |2] From the rate expression for the 
following reactions, determine their order of reaction 
and the dimensions of the rate constant. NCERT 


(i) змс) — К. Вале = [N0]? 
(б) H,0,(aq)+ 317 (eq) + 2Н* — 2900) +5. 
Rate =k [H202] [Г] 
(ài) Eg) — CH, (9) + COG). 
Rate = k[CH4CH0]/? 


(i) С2850(5) — СН, (5) + HAG). 
Rate = k[C,H;Cl] 
Sol () Rste- kK[NOT, 
Order of reaction = 2 


Unit (dimension) of rate constant, 
cupid 
" nate et E: : шый ИЕ d 
[КОЁ  (melr !y 


(3) Rzte = k Hœ] | ] 
Order of reaction =1+1=2 


А - Rate 

Dimension of k = 

[9,0,1 0] 
mol ^ -L & 
— = ml $ 
(mol L^ !) (mol E^ !) 
(Ei) Rate = k [CH,CHOP” 
Order of reaction = > 
Rare _ moll CES 


Dimension ofk > «* Ww cx = -—————— 
[CH4CHOP^ (mol L !y? 


а mel 1271/21 
(iv) Rate=k [C;H5CI] Order of reaction =1 
Rae _ moll. i 
{(C,H;C] mol L! 


Dimension of k = -1 


MOLECULARITY OF 
A REACTION 


Molecularity is an another property of a reaction, which 
helps in understanding its mechanism. The number of 
reacting species (atoms, ions or molecules) taking part in an 
elementary reaction, which must collide simultaneously in 
order to bring about a chemical reaction is called 
moleculariry of the reaction. e.g. If a reaction involves the 
decomposition of only a single species, the moleculariry is 
one and it is called unimolecular reaction, ` 
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For e.g. in case of decomposition of NH4 NO) and 
ОЕ, the molecularity is 1. 
NH, NO2 — № +2H,0 
ољ —3À O5 + F> 

The decomposition of HI is a bimolecular reaction as jt 
involves the collision of two molecules. 

2HI (p) — H2(g)+ l (g) 
The reaction between NO and О; is a trimolecular 
reaction as collision of three molecules results into the 
product. 

NOQ) +02 (6) — 2МО›() 

Reactions with molecularity greater than three 
(trimolecular) are rare as probability of more than three 
molecules colliding simultaneously to form product(s) is 
very low. 
Note Molecularity has no meaning for complex reactions as these 


reactions are supposed to take place in a sequence of a number of 
steps. It can be determined only for the elementary reactions. 


KCiO3 Y 6FeSO, + 3HSO4 —À 
KCI + 3Fe2(SO4)3 + ЗНО 


This reaction seems to be a tenth order reaction but actually it is a 
second order reaction. This indicates that the reaction takes place in 
several steps. 


Rate Determining Step 


As discussed above, even a simple looking reaction might 
have been proceeding through several steps. Out of these 
steps, the slowest step of the reaction is considered as the 
rate determining step of the chemical reaction and 
decides the overall rate of the reaction. Consider the 
following reaction, 


2305 — 4NO>, +0, 


| The rate law for this equation is found to be, 


Rate of reaction = k[N Os] 


If the reaction occur by the collisions of two N205 
molecules as indicated by the balanced equation, it would 


be a second order reaction as Rate = k [N505]' 
But observed rate law suggests that it is a first order 
reaction which implies that the reaction is a complex 


reaction. So, it must take place in two steps in such а“ 


that the slowest step should involve only one molecule of 
N Os. 


51 
$ир1 NO; —“» NO; + NO; 


Step | N305 + NO, —“*4 эмо, +0, 


chemical Kinetics 


e first step» being slow, is the rate determining step. 
the rate determining step is unimolecular, so it has 
e. The rate of reaction depends not only on the 
but may also depend upon the substances 


Since, 
order ОП 
reactants 
present as 2 catalyst. 

Decomposition of Н,О,, which is catalysed by I^ 


a in an alkaline medium. 
r 
————— 2Н„О+О 
29502 linemen ^ 7 2.12 
The rate equation for this reaction is found to be, 
-4[Н,О›] Б 
Hass 292^ T. Os III] 


dt 
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This reaction is first order with respect to both 
H207 and I. Evidences suggest that this reaction takes 


place in two steps: 
Slow 


Step I H207 +1 — H;O -IO^ 

Step II H203 + 107 ——  H,04 17 +0, 
The first step is slow, so it is rate determining step. 
Species IO ^ is called as an intermediate, since it is 
formed during the course of the reaction but not in the 
overall balanced equation. Hence, rate of formation of 
the intermediate will determine the rate of this reaction. 
It is concluded that, order of complex reactions is 
determined from the slowest step. Molecularity of the 
slowest step is equal to the order of the overall reaction. 


From these observations, we can distinguish between molecularity and order of a reaction as follows: 


S.No. Molecularity 


Order 


1. Thenumber of reacting species which must collide 


simultaneously in order to carry out a chemical reaction 


is called molecularity of a reaction. 


The sum of powers of the concentrations of the reactants in 
the rate law expression is called the order of that chemical 
reaction. 


2.  Molecularity is always a whole number value only i.e. 
1258 ы: А 


3. Molecularity is a theoretical concept. 


4.  Molecularity is applicable to elementary reactions. For 
complex reactions, it has no meaning. 


Order of reaction may have zero, whole number or fractional 
values. 


Order of reaction is determined experimentally. 


Order of reaction is applicable to elementary as well as 
complex reactions. 


5. For simple reactions, molecularity can be obtained from 


the stoichiometry of the equations. 


For simple reactions, order of reaction may not be equal to 
the number of molecules of the reactants as seen from the 


balanced equation. 


6.  Molecularity of a reaction cannot be zero. 


TOPIC PRACTICE 2. 


ÜBIECTIVE Type Questions 


1, " 
Find the order of the reaction whose rate 
Constant is 2.5 x 107? min", 


(a) zero 
(b) three 
© two (d) one 


bes of the following, the units of rate 
3) Zero жш rate of the reaction are same? 
ет reaction 
on Order reaction 
ond Order reaction 
d order reaction 


Order of a reaction can be zero. 


3. Consider the data given below for a hypothetical 
reactions, М > N 


Time(s) Rate of reaction (mol L7! s^!) 
DET 420x104 
{бә at eh 420х104 05 
taa ai - ENT 
(90 420х104 
dnd 4.18x 1074 


For the above data, the order of reaction is 
(a) one (b) two (c) three (d) zero 
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4. 


For the elementary reaction M > №, the rate or 
disappearance of M increases by a factor of 8 
upon doubling the concentration of M. The 
order of the reaction with respectto M is | 

(a) 4 (3 (c) 2 (d) 1 


For the non-stoichiometric reaction | 
2A+B ——› C+D, the following kinetic data 
were obtained in three separate experiments, all 
at 298 К. - ! 


Initial Initial Initial rate of formation 
concentration of concentration of C i 
[A] of [B] (mol i's’) 
0.1M 0.1M 12x 103, 
0.1M 0.2M 12x10, 
0.2M 0.1M 24x10, 
The rate law for the formation of C is | 
ас dC — 2 \ 
a) — =k[A][B ——=К[А] [B 
(27. [A]LB] O- [A] [B] | 
dC 2 dC 
c) — =k[A][B d) — =k[A 
97 [A]LB] eu [A] i 
6. Theunit of the rate constant of nth order is 
(а) mol! ^^ тлгн (b) 0]% 1117" s 
(c) mol" ^ 11"-1; (d) mol” L! ^" 57! 


VERY SHORT ANSWER Туре Questions 


9. 


10. 


11. 


For the given rate expression = kLAP/ 218ү, the 
overall order of a reaction is | 
(a) zero (b) half (c) one (d) two ` 


! 


The reaction, 
2N205 .—— 2N204 + O» is 
(a) bimolecular and first order 
(b) unimolecular and second order 
(c) bimolecular and second order 
(d) unimolecular and first order || 


| 


For а certain reaction, the rate law is, 
Rate = А] [BP/2. Can this belongs to an 
elementary reaction? NCERT Exemplar 


Write the rate equation for the reaction, 
2A+B —> C,ifthe order of the reaction is 
zero. NCERT Exemplar 


Molecularity of any reaction not be equal to 
zero? NCERT Exemplar 


For which type of reactions, order and 


molecularity have the same value? i 
NCERT Exemplar 


13. 


14. 
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In a reaction, if the concentration of the reactant 
R is quadrupled, the rate of reaction becomes 
sixty four times. What is the order of reaction? 


Define order of reaction. Write the condition 
under which a bimolecular reaction follows first 
order kinetics. Delhi 202 
For a reaction, A + B —> product, the rate law і; 
given by,r =k [A] 2[B]?. What is the order of the 
reaction? NCERT Intext; All India 2013 


SHORT ANSWER Type I Questions 


16. 


17. 


18. 


20. 


We do not determine the order of a reaction by 
taking into consideration the balanced chemical 
equation? Give reason. NCERT Exemplar 


For a reaction : H9 * Clo V FC) 


Rate =k 
(i) Write the order and molecularity of this reaction 
(ii) Write the unit of k. All India 2016C | 


A reaction is of second order with respect to a 
reactant. How is the rate of reaction affected, ifthe | 
concentration of the reactant is | 


(i) doubled ? 
(ii) reduced to half ? NCERT | 
The conversion of molecules x to y follows 


second order kinetics. If concentration of x is 
increased to three times, how will it affect the | 
rate of formation of у? NCERT Intext | 


(i) Distinguish between order and molecularity. 


(ii) Why is the probability of reaction with 


molecularity higher than three, is very rare? 
Delhi 2020. 


SHORT ANSWER Type II Questions | 


21. 


The reaction between A and B is of first order 
with respect to A and zero order with respect (0 
B. Fill in the blanksinthefollowingtable. . . 


-1 -1 Initial rate/ ,- 
Exp. No. [А] /mol С [В] [mol L ' mol L mins 


perc meme О 20x107 
E = 0.2 рт 40 x 107 „| 
Cua HEC REUS. 
АСЕМ 


Chem 


ical Kinetics 


In a reaction between A and B, the initial rate of 
reaction (ro) was measured for different initial 
trations of A and B as given below: 


concen 
Almo ' 0.20 020 0.40 
amelie _ 030 0.10 0.05 


T TEES 507x107? 5.07х 10-5 1.43 10-4 


What is the order of the reaction with respect to 


AandB? 
‚ Areaction is of second order in A and first order in B. 
(i) Write the differential rate equation., 
(i) How is the rate affected on increasing the 
concentration of A three times? 


NCERT 
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(iii) How is the rate affected when the concentration 
of both A and Bis doubled? Delhi 2013 


LONG ANSWER Type Question 


24. 


Consider the following reaction, 
2NO(g)+Clo(g) —> 2NOCI(g) 


The rate of reaction becomes doubled when the 
concentration of Cl; is doubled. However, when 
the concentration of both the reactants are 
doubled, the rate becomes eight times. What is 
the order with respect to NO and with respect to 
reactant chlorine? What is the overall order of 
reaction? 


HINTS AND EXPLANATIONS | 


1. (d) The value of k = 25x 1072 тіп! carries the unit of 
time alone and therefore it is a first order reaction. 

2. (a) The units of rate constant and rate of a reaction are 
same for zero order reaction. 

3. (d) As the rate of the reaction remains constant with 
time, therefore, reaction is of zero order. 

4, (b) For elementary reaction, M — М 
Rate law can be written as rate œ [М] 

Rate = k[M]" (i) 

When we double the concentration of [M], rate becomes 
8times, hence, new rate law can be written as 


8x rate =k [2M]" 
TE Z-8-2 = n-3 


8 р" 
5. (d) This problem can be solved by determining the order 
of reaction with respect to each reactant and then 
writing rate law equation of the given equation 
accordingly as, | 
к= < = RAP IBD 
where, x'— order of reaction w.r.t A =1 
У = order of reaction w.r.t B=0 
$ (a) "ii units of rate constant of nth order is mol! ^" 
ph 
7. (b) Rate = k[A]* [В]? 
Order = x4 y 


2, ‚„[3 
Order is (5) +(-1)=1/2 i.e. half-order. 


8. 


9. 


10 


11 


(12 


13. 


14 


(а) 2N505 == 2N50, + О, is a bimolecular and first 
order reaction. 

For an elementary reaction, order of reaction must be 
equal to the molecularity but molecularity should be 
integral. For the given rate law, order of reaction comes 
out to be 5/2 [1 + 3/2]. As molecularity cannot be 
fractional. Therefore, order is not equal to molecularity. 
Hence, the given rate law does not belong to an 
elementary reaction. 

The rate equation for the given reaction is rate 

= МА] [В]? = К 

Molecularity of the reaction is the number of molecules 
taking part in an elementary step. For this we require at 
least a single molecule leading to the value of minimum 
molecularity of one. Hence, molecularity of any reaction 
can never be equal to zero. 

For elementary reaction, i.e. the reaction which proceeds 
in a single step, order and molecularity have the same 
value. 


г, -k(Ry', r,-k(4R) 
On dividing r, by n, we get 
^^? T«4 r 
п КК)" 
ә, (@У=(@ эг=з 


Refer to page 101 (Order of reaction). 

A bimolecular reaction can be kinetically first order in 
behaviour provided one of the reactant is taken in such 
a large excess that its concentration may hardly change. 
Such a reactant will not contribute to the order of 
reaction. 
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1 


_ 20x 1072 mol L "min" i 


15. Order of reaction= 14 2= 3 
2 2 өг, k - —0.2 min" 
Непсе d 5 0.1 mol L 
, order — 2 For experiment 2, rate — k[A] 
| 40x 107 2mol L7 тіп ! = 0.2 min" ! 
16. The rate of reaction may not depend upon all the i m -2 ? ey la] 
molecules of a reactant present in the balanced chemical [A]= 40x10 то, min _ 02 е 
equation. Thus, balanced chemical equation often leads 0.2 min ^! © топ! 
to incorrect ord 
È ect or E or rate law. [A] = 0.2 mol L! 
5Br (aq) + BrO; (aq) + 6H'(aq) — 3Вг;(а4д) i For experiment 3, rate =k [A] 
І ` :£3H50(/) яа) Rate = 0.2 min ! x 0.4 mol Ep 
This is actually a fourth order reaction but it seems to be Rate = 8x 10 “mol І тіпт! 
a twelfth order reaction. Actually, the reaction is : 
complex and occurs in several steps. The order of such For experiment 4, rate = К [A] 
reaction is determined by the slowest step in the Rate 2.0 x 1072 
reaction mechanism. = [A]= k = [А] = ae ^ 0.1 mol L7! 
17. (1) Fora reaction, Н; + Cl? —v , 2HCI 22. Rate law states that rate = К [А] [В]? 
Rate — k, suggests that the reaction is of zero order. (Rate), = К [0.20]* [030] = 5.07 x 107? (i 
E the molecularity of a given reaction is 2 as ‚ i Rate), = k [0.20]* [010]"— 5.07 x 107? i) 
o molecules are participating in the reaction. 4 -4 
Hence, order = zero and molecularity = two. (Rate); = k [0.40]* [0.05]” = 1.43 10 (ш) 
(ii) The unit of К for zero order reaction is equal to the On dividing Eq. (i) by Eq. (ii), we get 
rate of a reaction which is mol 1715 2 de the unit (Rate), ` Ңо.20] [030] _ 5.07 х 107? Е 
of k for the given reaction Is molL s . (Rate)  4[o20]'[010)" 5.07 x10? 
18. (i) If the concentration of reactant A is doubled, pp = [3]? 
ie. [A] = 2a у= 0 
Then, rate = k (2а)? = 4 ka? Же | i 
Now, di üii (ш), 
Rate of reaction becomes 4 times. i i ow, on dividing Eq. (iii) by Eq. (0 ^d get 7 
Е z 
(ii) When concentration of A is reduced to 7 (Rate); _ k(040) (005) - 143x10 
| Rate x 0 " 
Le. [A]= 1. (Rate); к (0.20)(010)° 5.07х 10 
2 2 ч P 1 0 
=> rate = К 2| ac ka? и e) = 
2 4 2 | 
Rate of reaction becomes — times, i.e. reduced to log 2.8205 = x log 2 
one-fourth. 4 | DES 0.4503 15 
0.3010 d Bare 


Thus, order of the reaction with respect to Aan 


19. For the reaction, x y 
Reaction rate, (ғ) = К [х]? (for П order) (i) о m 
If the concentration of x is increased three times, then 5 and 0, respectively. А екй 
T А і і і ег ` 
Reaction rate, (7) = К [зх]?= kx [9х2] ...(ii) 23. A reaction is second order in A and first or 
» | (i) Differential rate equation, 
On dividing Eq. (ii) by Eq. (i), we get "m | 
r’ kx[9x°] _„ Rate = - 5 - К[А] [В] | 
ау ч i imes 
r kx [x°] (ii) When the concentration of A is increased three tiM 
It means that the rate of formation of y will increase by i.e. ЗА, then 
nine times. Rate = k [3A]Ê[B] = 9k[AY* [B] = 9(rate) iti 
20. (i) Refer to text on pages 103. к This shows that rate will increase 9 times to е! | 
(ii) Refer to text on page 102. rate. | pled ihe? 
21. The rate expression, Rate — k [A] B? s k (A], , (iii) When yid vid сове and Bis dou 
е Rate = [2А] [2B] = 8К[А] [B] = 8(rate) ig | 
For experiment 1, [A] 50.1 mol L7’ £s x init! 
Реад | ei This shows that rate will increase 8 times to the | 
rate. 


So, rate = 20x 1072 =k [01 mol L7 !] 


Chemical Kinetics 


24. 2NO(g)+ Cla(g)—> 2NOCI(g) 
Let the rate of reaction be 


n = kNOP [CI P -@) 
һ = 2n = k[NOF [2C (ii) 
n = 87, = k[2NOF* [2C P m, 


On dividing Eq. (ii) by Eq. (i), we get 


k[NOF [CL P 
(2) -(2 = B=1 


[TOPIC 3| 
Integrated Rate Equation 


The concentration dependence of rate is called 

differential rate equation. It is not always convenient to 

determine the instantaneous rate as it is measured by 

determination of slope of the tangent at point ¢ in 

concentration vs time plot. Thus, it becomes difficult to 

determine the rate law and hence the order of the 

reaction. 

Thus, the differential rate equation is integrated to get a ` 

relation between directly measured experimental data, i.e. 

Concentrations at different time and rate constant. The 

Integrated rate equations are different for the reactions of 
erent reaction orders. 

The integrated equation is used for determining the rate 

constant of the reaction. In this topic, we shall determine 
бе equations only for zero and first order chemical 


Ita At : 
Mu The resultant equation is called integrated rated 
Чол, 


ZERO ORDER REACTIONS 


! mean TEE . 
is: ins that the rate of the reaction is proportional to 
tr of the concentration of reactants. 


US, in i 
home order reaction, the rate does not depend on 
nsid tation of any of the reactants. 

ider the reaction, 


R— Р 
Rate = — AR] = ? = 
а! 
Qu URIS ha 
(тайр both sides, 
[R]=- + ] udi 
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Similarly, on dividing Eq. (iii) by Eq. (i), we get 
морс] 
8 - (2) (2p 
8 = (2)*.(2)'; 4 - (2P 
(2)? =(2)* ; a=2 
á r = ЦМО} [CI]! 
As, order with respect to NO= 2 


Order with respect to Cl; 1 
Overall order of reaction = 2+1 = 3. 


where, / is the constant of integration. 
Initially, at г = 0, the concentration of the reactant 
R =[R]o, where Rọ is the initial concentration of the 
reactant. 
From Eq. (i), we have 

[R lo -—kX0-cI 
On substituting, [А]0 = Z in the Eq.(i) we get 


[А]= – & * [R]o ---(i) 
Simplifying Eq. (ii), gives 
10018 P 


If we plot [A] against 2 we get a straight line with slope 
equal to — and intercept equal to [R]o as shown in the 


below figure. 


Concentration of R 
— 


O  Time—» 
Variation in the concentration vs 
time plot for a zero order reaction 


(i) Zero order reactions are not so common and they 
occur under special conditions. 
Some enzyme catalysed reactions and reactions 
which occur on metal surfaces are few examples of zero 
order reactions, e.g. decomposition of gaseous 
ammonia on platinum surface at high temperature 
and pressure. 
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1130 Ky Pt catalyst 
N22 (g) +3H2 (0) 


2NH3(g) 


Note The decomposition of NH3 on finely divided platinum surface 
is Of first order when concentration (pressure) of МН; is low. 


In this reaction, at high pressure, surface of platinum 
catalyst is saturated with ammonia (gas) molecules. 
So, a further change in reaction conditions is unable 
to alter the amount of ammonia on the surface of the 
catalyst making rate of the reaction independent of 
its concentration, 

(ii) The thermal decomposition of HI on gold surface is 
another example of zero order reaction. 


Gol 
2HI as н» +1 
(iii) Reaction between hydrogen and chlorine under the _ 
influence of UV-light 
бу 
H>(g) * Cl; (g) —9 2HCI 


FIRST ORDER REACTIONS | 


In this class of reactions, the rate of the reaction is 
proportional to the first power of the concentration of 
the reactant, R. For the reaction, R——> Р 


Ба = — AR =k[R] or 416) =— kdt 
dt [R] 


On integrating the equation, we get | 
In[AR] 2 —£r +1 КУУЛ) 

where, / is the constant of integration. 

In the beginning when t =0, А =[R]o, where 

[R]o is the initial concentration of the reactant. 


г. Eq. (i) can be rewritten as 
In[R]o =—/ёх0+/ 


In [2]g =/ 
On substituting / = In [R]o in the Eq. (i) to get 


In [2] = — £t - In [A]o ... (ii) 
or Е ar p vs (iii) 
[Ro | 
ог Tin Пра учу жЕ T LATO (iv) 
t [ 4]o t [R] 
or p= 2303 jog Alo (v) 
t [А] 


This Eq. (у) is usually written as: 


k= 2303 joy LN o or k= 2393 tog —4 
! [N] t (a -x) 
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‚ where, а is the initial concentration of reactant, R and 


(а — x) is the concentration of reactant R, left after time; 
as x moles of it get changed to products after time г, 


ie. [R]o =[N]o 2 4 and LR] LN] 2 (« —x) 


Expression for Rate Constant 
at Time ty and tə 


Rate constant can be calculated if eoricentrativins of the 
reactants are measured at time ¢ and 75. 
In[R] == р +In[R]o (м) 
At time £5, In [A]; 2— ә +1n [R]o . (vii) 
Here, [R]; and [A]? are concentrations of the reactants at 
time ż and £5, respectively. 
On subtracting Eq. (vi) from Eq. (vii), we have 

In [R] —ln[ A]; =- kt] —(— t5) 


At time 7j, 


[A] 
; In ———— (t = 
or n ГЕ] (t2 —5) 


2 ' 
Эе lau [8h ima 
to-t [Rh 
12305 op ГЕЛ 


0-і [Rb 
Exponential form of Eq: (iii) сап be written as: 
[R] -[R]oe Gl 


If we plot In [А] against 2 we get a straight line with 
slope — — & and intercept equal to In [R]o as shown 1n 
figure (a). 

The first order rate Eq. (iv) can also be written as: | 


62 2:303 0 [Ajo MU 
[А] 
ог ag UO att, 
[R] , 2.303 


If we plot a graph between log [A]o / LR] vs t, we gea. 
straight line with the slope = / 2.303 as shown in | 


figure (b). 
(ЧЕ | 
| Slope = К/2.303 = 303 
T е Slope = k/2. 
£ UE 
8 


Time —? 
Р) v5 
(b) Plot of log (1o / I^ Lit 
time for a first order гё 


t— “4 
(a) A plot between In [Al 
and time [¢) for a first 
order reaction 


і 
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Examples of the First Order Reactions 


(i) All natural and artificial radioactive decay of unstable 
nuclei take place by first order kinetics, 

25а — 2Не+ 2261 

Rate = & [Ra] 


(i) Hydrogenation of ethene and decomposition of N 205 
and N,O are more examples of first order reactions. 


C;H,(g)* H2(g)—9 СН, (6); Rate = A[C;H,] 
1 
N,0;(g)— №,0, (g) + 5 O2(g)sRate = ҢМ,0;] 


1 
N,0(g—9 Ni(g)*7O;(g; Вае= HN;O] 


EXAMPLE |1| Consider a certain reaction 
А —9 products, with k = 2.0x 10^ 2571, Calculate the 


concentration of A remaining after 100 s if the initial 
concentration of A is 1.0 mol L71. NCERT 


Sol к= 2.0 x10 °}; [А], 21.0 mol L™'; t 2100s 


k= 2903 lo [A], 
t [A] 
Therefore, 
20x 10725-12303 1.0 mol L`! 
100 s [A] 


-2.-1. 2.303 
20х 10 25 Рас log1- log [A 
1005 4981 - log [AD 
20x 107257 1 = 2303 0 - log [A 
mes an 
- 2. a 
- log [A] = 2.0% 10" fs- * x 1005 
2303 
-2 „-1 
or [J= antog — 2% s we) 


2.303 


sr [A]=0.135 mol L7! 


P 
Өг Change Method for the 
ation of the Value of Rate Constant 


Tus const A 
nsider a typical first order gas phase reaction, 


алый — ADC 
eH € Initial pressure of A at time t = 0 and Р, Бе 
Such Pressure at time, z, 


Integrated rate equation for 


еа ; 
ction can be derived as : 


Wher 
and с? ^: Рв and 


4 "spectively 


Pat pg + pc (pressure units) 
Pc are the partial pressures of А, В 
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If x atm be the decrease in pressure of A at time £ and 
one mole each of B and C is being formed, then increase 
їп pressure of В and C will also be x atm each. 


Alg) —>  B(g) + Clg) 
Att=0 p; atm 0 atm 0 atm 
At time ғ (р; —x) atm x atm x atm 
Р, = (p; —х)+х+х=р+х 
x=(p, – pj) 


where, р, = pi -х= р, –(р, - р;)=2р; - р, 


" (m [vs 2) 
t РА 


EXAMPLE |2| The following data were obtained 


during the first order thermal decomposition of 50,0, 
at a constant volume, 


S0,Cl,(9) —> S0,(g) + Cl, (g) 


Exp. No. Time/s! ^ Total pressure/atm 
Th 0 0.5 
2. 100 0.6 


————————————————————O 


Calculate the rate of the reaction when total pressure 

is 0.65 atm. NCERT 
SO;CLh(g) —9 SO,(g) + Cl,(g) 

Initially att=0 р, 0 0 

After time t P, -P Р Р 

Total pressure after time t, i.e. 


Pe PHP TPT PSR TP 


Sol. 


P= рер 
So, Pso,ci; =Pi-P 
= p,- (^y - Pı) 
= Pi- Pr + Pi 
= 2p, — pi 
Substitutions of the value of a and (a - x) gives 


be 2.303 log pi 


t (0р-р,) 
(a) Calculation of rate constant, К 
Given, p, 20.5 atm; p, =0.6 atm 


. Di 
k = — lo 
t p - p) 
_ 2303 „05а _ 2303 


= og z 
(100s) 0.4atm (1005) 

_ 2,303 
(100 s) 


log1.25 


х 0.0969 = 2.23 x10?! 
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(b) Calculation of reaction rate when total pressure is 
0.65 atm 


P soa, = 0.5 – (0.65 - 0.50) 
= (1- 0.65) = 0.35 atm 
К = 2.23 х1075! 
Rate = k X p soa, = (2.23 10757!) x (0.35 atm) 
Rate = 7.8x107* atm 5! 


HALF-LIFE OF A REACTION 


The time in which the concentration of a reactant is 
reduced to one-half of its initial concentration is called 
the half-life of a reaction. It is represented as ѓу. 


For a zero order reaction, 
, Uo - LR] 
t 


1 


The rate constant at гуу) becomes 


4/2 
tin = шь 
2Ё 
It is clear that гууз for a zero order reaction is directly 


proportional to the initial concentration of the reactants 
and inversely proportional to the rate constant. 


For the first order reaction, 


k 


pala | 
г [R] 
2.303 [А], 
Ё = 1 
ог : og [R] 
R 
At fy, [А]= ET 
Therefore, k= 2008 Іор „в. a 
tin [R]o/2 
T 62305 top 
fy 
or pz 2908, озо | 
^2 ‚ 
0.693 
or fy2- px i 


ШҮ 
Thus, for first order reaction, г> is independent of. [А], 
and hence, constant. TM 
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The half-life of a reaction with nth order is given as; 
1 


< п-1 
[КЪ 
Therefore, for zero order reaction £}, ©<[ Ё],. For first 
order reaction, 7,/; is independent of [Ry]. For second 


fy 


order reaction ĉj; ec —— 


and so on. 

[Ro] 
EXAMPLE |3| The half-life for radioactive decay of 1%, 
155730 yr. An archaeological artifact containing wood had 
only 80% of the !^C found in a living tree. Calculate the 
age of the sample. NCERT 


(i) Since, all the radioactive processes follow first order kinetics 
rate constant from t,,2 can be calculated as : 


k = 0.693 /ty2 


(ii) Then, put the value of k in the expression of first order 
rate constant to find t. o 


söl _ 0.693 


12 =—— (For first order reaction) 
0.693 0.693 _, 
k= = —— yr 
ty. 5730 
We know that, 
2.303 [К], _ 2.303 100 0.693 
t = —— log —© = —— log — As, k = —— 
k 6 TR) 0.693 °° во tin 
5730 
2.303 х 5730 , 100 2.303 x 5730 
= ————— log — = ——— ——7 log 1.25 
0.693 80 0.693 
_ 2.303 x 5730 x 0.0969 | 
0.693 | 
— 1845 yr (approx.) | 
| 


Therefore, the age of the given archaeological artifact 
containing wood is 1845 yr. 


Integrated rate laws for the reactions of zero and first order 
v mios: c MP Uc a CMM а —=—— 


Order 0 1 


Reaction type RoP 


RP 


Differential rate law о[А]/о = -k d[R]/at-= -k[R] 


[R] = [Rle™ or 
or kt = In{{Rly / Al} 


Integrated rate law“! = [Ro - (FI 


Straightline plot — [R]vst In [R]vst — — 
Half-life (В /2k In 2/k Ц 
Units of k conc.time"* = гө"! or s~’ 


or тос 5: 


же 
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P 
The 


so du 
reactions. In su 
опе reactant IS р 
eg, When 0.01 mole of ethyl acetate is hydrolysed with 
10 moles of water, amounts of the various constituents at 
che beginning (t =0) and completion (¢) of the reaction 


are mentioned below: 
CH,COOC;H; +H,0 = CH,COOH- C,H,OH 


0 mol 
0.01mol 


reactions which are not actually of first order but behave 
e to altered conditions are called pseudo first order 

ch a chemical reaction between two substances, 
resent in large or excess amounts. 


0. mol 


‚=0 0.01то! 10 mol 
0.01mol 


: 0 mol 9.99 mol 

The concentration of water is not considered in 

calculation as its concentration does not get altered much 

during the course of reaction. 
Rate = £' [CHCOOC;H; ][H;O] - 

Bur term [H ;O] can be taken as constant, then Eq. (i) 

becomes Rate = £[CH4COOC;H, ], where k = £^[H ,O] 

The reaction behaves as first order reaction. Such 

reactions are pseudo first order reactions. Inversion of 

cane sugar is another pseudo first order reaction. 


СНБО бэш мны жетк: Ме 


Сапе зираг Glucose Fructose 


Rate = k[C,,H},0,,] 


TOPIC PRACTICE 3 | 


OBJECTIVE Type Questions 
Í. The slope of the plot of In [А] vs time gives 
All India 2020 
(a)+k бах - ay —* 
(b) ms (c) -k po 


2. Four reactions are given below, Which one of 
them is of zero order? 
@) РО, — PCI, +С], 
(b) 2FeCl, + Sncl, — 2FeCl, + SnCl, 
(© H, «cl, — 2HCI 


@ N,0, — wo, +10, 
2 


3, 
TS 5 constant of the reaction, А > Bis 
of Ais 5 rae per second. If the concentration 
" then concentration of B after 20 min is 
SM (b) 3.60 M 
()036M (d) 0.72M 


sEUDO FIRST ORDER REACT ION 


Hi 


EXAMPLE [4| Ina pseudo first order hydrolysis of 
an ester in water, the following tesults were obtained : 
t/s 0 30 60 90 
[Ester//molL' 0.55 0.31 0.17 0.085 


(i) Calculate the average rate of reaction between the 
time interval 30 to 60 s. 


(ii) Calculate the pseudo first order rate constant for the 


hydrolysis of an ester, NCERT 
Sol. (i) Average rate during the interval 30-60 s. 
C,;-C, 031-047 
t; — ti 60- 30 
0.14 
= — molL'!s^! 
30 
=4.67х 10? mol L! s^! 
cv p» 2:303 
(ii) k’ = —— log [Ah 
t [4] 
Here, [A], 2055,t = 30 
| 2303, 0.55 J 
k =—— log — =1.91x 10 ?s^! 
30 0.31 
‚ 2303, 0. 
t=60s, „К^=—— log 055 =1.96x 10757 
` 60 0.17 
2.30 i 
t=90s, k’ í 208 lo LM 2.07x 10757! 
60 0.085 
9 К д 2 
Average k’ = 1.91 + 1.96 + 2.07 x 10 - 
| =1.98x 10757 


4; Equation for rate constant of a first order 
reaction is 


Or The equation of velocity constant (k) for first 
order reaction is 


2.303 а 4.306 а 
c= log bk- log, ——— 
(a) К о (b) "He улыр 
. 2,303 а 10 а 
= ——| d) К = — logo ——— 
(c) k а об (a a) (d) 1 обо T 
5. Consider a first order gas phase decomposition 
reaction given below NCERT Exemplar 


A(g) > B(g) + C(g) 
The initial pressure of the system before 
decomposition of A was р. After lapse of time ‘¢ 
total pressure of the system increased by x units 
and became ‘p,’. The rate constant k for the 
reaction is given as ......... А 
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23 1 
(a) k= = og Pt (0) k= 220 tog Ai 


епн | 2р, – Pr 
(ъ= 2203066 Pest! qu 2503 gg Pe 
2P; + pi t Pet 
For the reaction, 
N.Cl 


Cl 
© тез © N 


half-life does not depend on the concentration 
of the reactant After 10 min, volume of N, gas is 
20 L and after the completion of reaction, it is 
100 L. Hence, rate constant is 


2.303 Ре: 2.303 | 
log 5 log 10 min 
(a) 2303 tog s min ы) 2393 tog 
(9 2303 10. 10 min (d) = log 20 min 


Time taken to complete 90% of first order 
reaction is 


The time taken for the 90% completion of a first 
order reaction is approximately 

(a) 2.2 of half-life period (b) 3.3 of half-life period 

(c) 1.1 of half-life period (d) 4.4 of half-life period 


Expression for the half-life of zero order 
reaction is given as T 


(a) ty. =й Ф),,› D 
(c) ty, = шы (d) t2 = A 


When one reactant is present in large excess in a 
chemical reaction between two substances, then 
the reaction is known as 

(a) first order reaction 

(b) second order reaction 

(c) zero order reaction 

(d) pseudo first order reaction 


VERY SHORT ANSWER Type Questions 


10. 


ПА 


A plot of rate of reaction (Y-axis) versus, 
concentration of reactant (X-axis) gives a line 
parallel to X-axis . What is the order of reaction? 


A chemical reaction occurs between rédctants A 
and B but the rate does not depend on the 
concentration of any of the reactants. Can you 
Predict the order of the reaction? A 


12. 


13. 


14. 


15. 
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A first order reaction takes 30 minutes for 29 
decomposition. Calculate t;/;. [log2 = 0.3010] 
All India 201g 


What is the order of a reaction that is 50% 
complete after 2 h and 75% complete after 4 h? 


For a reaction R — P, half-life (¢;;2) is observeq to 
be independent of the initial concentration of 
reactants. What is the order of reaction? Delhi 201] 
Time required to decompose SO;CI, to half of it; 
initial amount is 60 min. If the decomposition is 4 
first order reaction, calculate the rate constant 
of the reaction. NCERT Intext 


SHORT ANSWER Type I Questions 


16. 


17. 


18. 


19. 


20. 


21. 


A reaction, reactant —> product is represented 
by (the graph) 
All India 2019, NCERT Exemplar; Delhi 2014 


` (i) Predict the order of the reaction in this case. 


(ii) What does the slope of the graph represent? 
Write the unit of the represented quantity. 


[R]o 
Conc. of 
reactant 


[А] 


Time (0) АШ India 2019 


The decomposition of NH; on platinum surface, 


dl 
2NHs(g) = №,(в) + 3H;(g)is a zero order with 
k =2.5х 10^ mol L's. What are the ratesof — | 
production of N, and H5? МСЕК 
Derive integrated rate equation for rate consti? 
of a first order reaction. All India 2017 
A first order reaction takes 40 min for 30% | 
decomposition. Calculate г,,. NCERT; Delhi 2013 | 


The C-14 content of an ancient piece of wood 
was found to have three tenths of that in living 
trees. How old is that piece of wood?  : 
(log 3 =0.4771 1087 =0.8540, half-life of C-14 | 
= 5730 years) CBSE SQP 7" 


Calculate the half-life of a first order reactio" 
from their rate constants given below: f 
; МСЕ? 
(i) 20081 (i)2.min^'. (iii) 4 yr 


. » . 
ibit > 


"5° LI 
Маа РОГА 
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sHORT ANSWER Type II Questions 


22. Afirst order reaction takes 20 minutes for 25% 
decomposition. Calculate the time when 75% of 
the reaction will be completed. 
Given: log 2 = 0.3010, log 3 = 0.4771, 

log 4 = 0.6021 


23. For the first order thermal decomposition 
reaction, the following data obtained: 


C;H4Cl(g) — C2H,(g) + HCl(g) 


All India 2017 


Time/s Total pressure/atm 
0 0.30 
300 0.50 


Calculate the rate constant. (Given: log 2 = 0.3010, 
log 3 = 0.4771, log 4 = 0.6021) All India 2016 

24. The following data were obtained during the first 
order thermal decomposition of SO,Cl, at a 
constant volume: 


SO,Cl,(g) — SO,(g) + Cl;(g) 


Experiment Total pressure/atm 


0 0.4 
0.7 


1 


Calculate the rate constant. 


(Given, log 4 = 0.6021, log 2 = 0.3010) 
Delhi 2017, 14, All India 2014, Foreign 2014 


25. For a first order reaction, show that the time 
required for 99% completion is twice the time 
required for the completion of 90% of reaction. 


NCERT; All India 2017C, Delhi 2013 


26. Afirst order reaction has a rate constant 
1.15x 1079 &''. How long will 5 g of this reactant 
take to reduce to 3 g? NCERT Intext 
27. 


Sucrose decomposes іп acid solution into 

glucose and fructose according to the first order 
rate law, with Гу, = 3h. What fraction of sample 

of sucrose remains after 8h? NCERT 


28, Following data are obtained for the reaction: 
N,0; — 2NO, +20, 


i о зю 60 
INO; | Amol [а | 1.6x 10? 0.8x 1072 0.4х 1072 


@ Show that it follows first order reaction. 
(ii) Calculate the half-life. 


Given: 
ven: log 2= 0,3010 , log 4= 0.6021) Delhi 2017 


[13 


29. А first order reaction is 25% complete in 
40 minutes. Calculate the value of rate 
constant. In what time will the reaction be 80% 
completed? Delhi 2020 


LONG ANSWER Type Questions 


30. For the decomposition of azoisopropane to 
hexane and nitrogen at 543 K, the following 
data is obtained: 


T . p(mm of Hg) 


——— 
| 860 540 
720 63.0 


Calculate the rate constant. NCERT 


31. During nuclear explosion, one of the products 
is "Sr with half-life of 28.1 yr. If 1j g of Sr was 
absorbed in the bones of a newly born baby 
instead of calcium, how much of it will remain 
after 10 yr and 60 yr if it is not lost 


metabolically? 
NCERT 
32. The experimental data for the decomposition 
of 


№05, [23,05 —> 4NO,+0,] 
in gas phase of 318K are given below: NCERT 


tis 10? x[N,0,] /mol L 
web; 163 у. 
(40 136 : 
(80 O ata O 
_ 1200 093 
1600 — 0.78 
2000 0.64 
22400 O58 
2800 0.43 
3200 | 035 


(i) Plot [N5O;] against t. 
| (ii) Find the half-life period for the reaction. 
| | (ii) Draw a graph between log [N,O; ] and t. 
` (iv) What is the rate law? 
: --(v) Calculate the rate constant. 
(vi) Calculate the half-life period from k and 
compare it with (ii). 


I4 


33. Forthe hydrolysis of methyl acetate in aqueous 
solution, the following im) were obtained: 


No 
e [LJ 


Uu 
. 


7. 


Us 
{CH,COOGH Imo М. i 030 | 0.15 
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(i) Show that it follows pseudo first order 
reaction, as the concentration of water 
remains constant. 

(ii) Calculate the average rate of reaction 
between the time interval 30 to 60 s. 
(Given, log 2= 0.3010, log 4- 0.6021) 


| HINTS AND EXPLANATIONS | 


(b) Refer to page 108 (Expression for rate constant at time). 


(с) Н, + СІ, —9 2НСІ 
(а) For a zero order reaction unit of rate constant is 
(mol L s^!) Hence, we can easily calculate 


concentration of B after 20 min by the following 
formula, 
[B] = kt =06х107° x 20x60 2072 M 


(a) For first order reaction, rate constant is 


(a — x) 
where, a = initial concentration of reactant 
(a — x) = concentration after time t. 


(b) A(g) > B(g)+ С) 
Initially Pi 0 
At lime t рі -х х $ 


р. =р-х+х+х = р +х 
For first order reaction x = p, — р; 


k= 2.303 log Pi _ 2.303 log Pi 
t pj -x t 2p = Р, 
(a) As the half-life doesn’t depend on concentration of 
reactants, so it is a first order reaction 
R 
Here, [R]. 5 uud = 
[R] 20 
t =10 min 
к = 2303 Jog ПЫ 
t [R] 
or k= ш log 5 
min 
(b) For first order reaction, 
0.693 
2 = 


where, t; is half-life period. 
Time taken to complete 90% of reaction is 


par ee щш. ш 
k (100-90) k 
By dividing Eq. e) by (i), we get 
foo „2303 33 
f, 0.693 


thus, 1 =3.3 typ 


8. 
9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


(ii) Slope of the graph =—k = 


[К], 


‚ fora zero order reaction. 


(bt = 


(d) Pseudo first order reaction. 
As the rate of reaction is independent of concentration 
of reactant, thus, reaction is of zero order. 
[Hint In zero order reaction, rate does not depend upon 
the concentration of any reactant]. 
Given, reactant decomposes = 20% in 30 minutes (х) 
Let initial quantity (а) =100. 
Then after 30 miutes (a — x) =100 — 20 — 80. 
Time (t4,) = 30 minutes 
Formula used 


typ _ 03010 0.3010 


t30 log 100 1.25 
80 
t 0.3010 
12 77 — = 3.106 = 3.00 
tao 0.0969 
t 
L7 =3.00 С>» =30 minutes) 


ty). = 3.00x 30= 90 
' Hence, half-life (t, ,.) =90 minutes 

It is a first order reaction because for 75% completion of 
reaction two half-lives are required (as, 45 = 2 h) whic 
suggests that 2, is independent of initial concentration. 
For a reaction R — P, half-life (t,,2) is observed to be 
independent of the initial concentration of reactants. 
Thus, it follow first order reaction. 


Rate constant 


k = 0.693 = 0.693 = 0.693 = 1.925 x 107 As 
tiz 60min (60x 60)s 
(i) The reaction is of zero order, 
а [К] 


а 
4 А 1-1 
The unit of k, for zero order reaction is mol L5 * 


| 
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17. мн) —? №05) + 3Н,(4) 
For zero order reaction, rate = k 


— 14 [NH]... d IN;] 
ИГТ dt 
-414 25x10 mol Lg? 
3 dt 


. Rate of production of N, 
= 4[N;] 2.5 x 10 * то 151 
dt 

Rate of T of H, 
1 d [Hy] = 2,5х 10% mol 116} 
t i 
a i 7.5X 10™ molL'!s^! 

t 


18. Refer to text on page 108. 
19. Leta=100,a— x 2100 — 30 = 70, t аба 


2.303 а 2.303; 100 
pa og а ор 
t (a—x) 40min 70 
_ 2.303 , 10 22305 51428 2:203 x 0.1548 
40 — 7 
k 2891x 10 тіпт! 
i 0.693 ; 
m 0.693 _ — 7 77.78 min 
k — 891x 10? min 


ty 7 77.78 min 
20. The given reaction is a first order . So, 


_ 0693 0.693 
ti 5730 
Using the equation for first order, 
CN e() 
k C, 
3 
Let C, =1andC, = — 
10 
So Co = i = 10 
С, 3 3 
10 


Putting values in Eq. (i), 
= 2303 5730 log? 
0.693 3- 
= 19042 x (1 — 04771) = 9957 years 
E = 0593 - = 0.346 х107 *s= 3.46 x 107 * 
200s” 


0095 


(ii) ne -=0.346 min = 3.46 x 10^! тіп 
0.6 
Gi) tin == 0.173 уг= 1.73 x 10^! yr 
yr 
22, For à first order reaction, 
2303 a 
t а-х 


When a first order reaction is 25% complete in 20 min. 


23 
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а=100,а— х =100 – 25 = 75, t = 20 min. 


_ 2.303 а 2.303 100 
k=—— lo = — log = 
t a-x 20 75 


03 
= [log 4 — log 3] = 0.0143 тіп”! 


For 75% completion of reaction, 
a =100, a — x =100— 75 = 25, k 200143 min! 


2.303 a 2.303 
t= log = —— log 100 
k a-x 00143 25 
2.3 


3 log 4 = 96961 min. 
0.0143 


C;H;Cl(g) —9 C;H,(g) * HCl(g) 
Initial pressure at t — 0, 0.30 atm 


After 3005, ры =030-p+pt+patm 
— 030-4 p atm 


- Раоа (given) = 050 = 0304 p 


24. 


> p = 050—030 atm = 0.20 atm 


Pressure of C,H,Cl(g) after 300 sec 
(Рс,н;сі )= 030 — 0.20 atm = 010 atm 


2303, (Рс,н,с!» 2303, 030atm 
k = —— log ——2 > ——_ = — log 
t © °(рс,н,с)зю 300 O10atm 
= ыс йын 2303 04771 =366x10°s™! 
300 300 
SO,Cl,(g) —> SO,(g) + Cl,(g) 
Initial pressure Р; 0 0 
After time, t р; Р Р Р 
Total pressure after time f, 
ie. p^p-Ptptp-p*p 
= рер Pr 


Thus, a = panda- x = p; - p = p, - (p, Pi) 
=р-р +р = 2p, – Р, 
Substituting the values of a and (a — х) in equation, 
2.303 "M 


. Pi 
k = log —*+— 
t (2p, - Pr) 


Calculation of rate constant (К), when t = 100$ 
Given, p, = 0.4 atm and p, = 0.7 atm 
2.303 log Di 
100 (2p, =P: ) 
2.303 0.4 
100 (2 x0.4 - 0.7) 


2.303 | 0.4 2.303 


= —— —— log 4 


77100 01 100 


Then, k= 


= 2:303 0.6021: 0.01387 = 1.387 x 107257! 
00 
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25. Casel 1а 100, (а – х) = (100 — 99) =1 
For 99% completion of the reaction, 


ton „Эзу б. 2:305 19? ` 2.303 x 2 
k k k 
_ 4.606 . 
wn = ..(i) - 
Case П If a = 100 
(a — х) = (100 — 90) 2 10 
For 90% completion of the reaction, 
too, = Sipe 
k 10 
= 272 од = LE i) 
On dividing Eq. (i) by Eq. (ii), we get 
tos 4606, k 
ton k 2303 


It means that time required for 99% completion of the 
reaction is twice the time required to complete 90% of the 


reaction. 
26. Fora first order reaction, t = 2:903 log [R] 
k [R] 
= 2.303 log (5 g) 
(1.15 x 107 257!) (3 g) 
2.303 
z———— —— (log 5 — log 3) 
(1.15 x 107 257!) Я x 
2.303 


= LL - (0.6990 – 0.4771) : 
(1.15 x 107 EST 


= 2.0 x 10 x 0.2219 s= 443.8 s 
or time = 444s 
27. For first order reactions, 


_ 0.693 _ 0.693 
tj; (30Ь) 
2.303, [A], 
{= S9 lop 0 
Ы k 8 [A] 
[Ah kxt 
= ОВ ТА] 2.303 
ор [Alo 0.693 «Bh 10.8024 
[A] 3h ' 2.303 
[A], =antilog 0.8024 = 6.345 
[A] 
[A], _ 1M 
A], =1M; A] 2 3. =——— 0,1576 М 
[Aly [А] 6.345 6.345 


After 8 h, sucrose left = 0.1576 M 


28. When time and rate of a reaction is given then we can 
use hit and trial method to find out the order of reaction by 


substituting the values in different integrated equation. 
Using data, to find out the rate constant. 


г/в 0 300 600 Žž 
[N,O, ]/mol L" |16x10? | 08x 10°? | 04x10** 


29. 


30 
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(i) Using hit and trial method, 


2 303 303, 
For first order reaction, k= 


og Ulo 
MT: 
Here, t = 300 s, [К] = 1.6 107? mol 17! 
and [А] = 0.8 х 10~*mol 17! 
k = 2:303 ү ( 1.6x 1072) mol L'! 
300  "(0.8x 107) molL'! 
L 2303 tae = 2303 x 0.3010 
300 


300 
k= 2.31х 10? s^! 
2.303 „(16х 10?) mol L^! 


Similarly, k — = = 
600 » "(0.4x 10-2) mol L 


k-2231x 107° 57! 
Thus, it is proved that reaction proceed through first 
order kinetics as the rate constant remains same. 


0.693 
(ii) Half-life id= © 
‚ & E 
M2 231x 107° 
tjj; = 300 s 
For first order reaction, 
2.303 a 
k = ——— log 
t a-x 
The given first order reaction 25% completes in 40 min. 
Let, a=100 
а— х =100— 25 
a-x=75 
a S3 pet 7 (log 4 — log) 
40 75 
k 200072 min ^! 
For 80% completion of reaction, 
a —100 
a— x =100 – 80 = 20 
К = 00072 тіп"! 
2303 100 
= —— log — 
0.0072 20 
t = 223.6 min 


Let the pressure of a azoisopropane decreases by x atm. 
As 1 mole of azoisopropane decompose to give 1 mole 0 
№, and 1 mole of hexane (C(H,,), the pressure of № 
and hexane increases by x atm. 

(CH,),CHN = NCH(CH,);(g) —> №, (p c Ha 


Azoisopropane 


Att=0 35.0atm 0 atm 0 atm 
Attime,t 05.0- x) atm xatm xatm 
Pr = Pucuopropane t PN, + Рс, His 
р, =35.0-x+x+x 
р, =35+x 
= х= p, —35 
“р = 35.0- (p, —35)=70- p, 


aioisopropane 


Chemical Kinetics 


(i) Rate constant after 3605 = К, 
At t 2360s p, =35 atm 
p, 754 atm 


+ Pazoisopropane = (70 —54) atm = 16 atm 
-. Rate constant, К, 
_ 2.303 535 2308 10, 9 197 


360 16 360 
_ 2.303х 0.33984 
| 360 
(ii) Rate constant after 7205 k, 
p; =35 atm, p, = 63.0 atm 
р = (70—63) atm = 7 atm 


azoisopropane 


= 2.17x 10757 


.. Rate constant, | | 

2.303 35 _ 2.303 
log = ——- log5 
720 7 720 720 

= 2.24х10° 5! 
Average rate constant, 

k= (2.17 + 2.24) 

. 2 


9 


x 10? 


=2.21x10 s! 
0.693 0.693 ei 


ty 281^ 


For first order reaction, 


2.303 a 
- log 
k (a — x) 


31. ty. 228.1yr, k = 


t 


CaseI 
0.693 
а=1 t=10yr, k-2———yr 
Hg У. 28.1 y 


2.303 a 
10 yr= x 28.1 yr lo 
7 0693 7 Е а 


а 
A „шуо 063 АЛМ, 
(a-x) 2.303х 28.1 


lo 


a , 
Gap =antilog (0.107) =1.279 


(а-х)=—@ (Ив) ^ 5 78194 
1.279 1.279 НЕ 


Amount left after 10 уг= 0.7819 Hg a 
Casell а =] Hg, t —60yr 


(yrs 2309 __ 
0.693/ 28.1 yr" (a - x) 
log — _ _ (60 yr) x 0.693/28.1 уг"! 


= 0.642 


(a-x) 2.303 

а, LORS А = 
(a x) 4110601602 = 4.385 
(a - x) =- ы 


4.385 


_ 2.303 x 0.6990 
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_(1 ug) 
4.385 
Amount left after 60 yr = 0.2280 ug (1) 


32. (i) The plot'of [N,0.] against time is shown below : 


= 0.2280yg 


0.815 x 102M 


[№05] x 10-2 M 


400 800 1200 1600 2000 2400 2800 3200 
Time (s) ———- 


(ii) Initial concentration [at t 20] of N,O; 
= 1.63х 10° M 
Half of its concentration T uw 
-0.815x 10? M 
From, the above graph, the time which corresponds to 
0.815 x 10 ^ M concentration is 1450 s. 


Hence, t, 21450 s 


(iii) 
T 1/5 10? x(N,O,]/molL'  leg[N;O,l 
0 1.63 -179 
400 С 136 - 137 
|. 800 1.14 -4» O 
1200” 0.93 П шө! 
1600 0788. -mw 
~ 2000 064 14) -219 
2400 053 "115. -228 
“2800 0430 8? 
3200 0.35 - 346 


-1.6 


© 400 800 1200 1600 2000 2400 2800 3200 
Time (s) —> 


(iv) As the plot of log[N;O;] versus time obtained is a 
straight line, hence it is a reaction of first order, 


A Rate = k[N;O;] 


lS 


(v) For first order reaction, the slope of the line 


=- “1 
2.303 w 
Slope =22.46- (- 179) -2067 (ii) 
3200-0 3200 
Equating Eqs. (i) and (ii), we get 
k _ 0.67 
2.303 3200 
0.67 x 2.303 
or k=——— k 24. rH xa 
3200 r 82x 10's 
" 0. ; 
(vi) tiz _ 0.693 -063 =1438s 


k 4.82x 10 *s^! 


Half-life period (t,,.) are calculated from the formula 
and slope are approximately the same. 


33. (i) For the hydrolysis of methyl acetate to be pseudo 
first order reaction, the reaction should be first 
order with respect to ester when (H,O) is constant. 


| TOPIC 4| 
Temperature Dependence 
of the Rate of a Reaction 


Most of the chemical reactions are accelerated by increase 
in temperature. 

It has been found that for a chemical reaction with rise 
in temperature by 10°, the rate constant is nearly 
doubled. e.g. In decomposition of N,O,, the time taken 
for half of the original amount to decompose is 12 min 
at 50°C, 5 h at 25?C and 10 days at 0°C. The effect of 
temperature is usually expressed in terms of temperature 
coefficient. 


ARRHENIUS EQUATION 


The temperature dependence of rate of a chemical 
reaction is expressed by Arrhenius equation, 
k = де -ERT 


where, A is the Arrhenius factor or the frequency factor, 
also called pre-exponential factor. It is a constant specific 
to a particular reaction. R is gas constant and Ё, is the 
activation energy measured in joules/mole ( J mol ^). 
Thus, Arrhenius equation is a quantitative relationship 
between rate constant and temperature. 

Note The temperature dependence of the rate of a chemical reaction 


was first proposed by ЈН. van't Hoff but Arrhenius provided its 
physical justification and interpretation. 
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The rate constant, k for pseudo first order react} 
2.303 [С] о 
k= log——, 
t [С] 
where, k = k'[H,O] 
where, [С], and [C] are initial and final concentra 


of the reactant, respectively. 
2.303, 0.60 


ON is 


tion 


At t, =30s, К, = log —— = 2.3x 10725"! 
30 0.30 
At t, =60s, 
k = 2.303 fos = 2.3х 107s"! 
60 0.15 


It can be seen that the rate constant, k, i.e. k’ [НО] for 
the reaction has a constant value and equal to 
2.3 x107? s! Hence, the given reaction is pseudo first 
order reaction. 
(ii) Average rate during interval 30 — 60s 
e жаыа мың. a mol L™'s~* =0.005 то111$^! 
t,-t, 60-30 


ARRHENIUS THEORY 


It explains that the products are formed through the 
intermediates or activated complex. 


This can be understand by the following reaction : 


Intermediate 
Formation of HI through the intermediate 


According to Arrhenius, this reaction can take place only 
when a molecule of hydrogen and a molecule of iodine 
collide to form an unstable intermediate. It exists for a 
very short time and then breaks to form two molecules of 
hydrogen iodide. 


Activation Energy ( E,) 

The energy needed to form the intermediate [called 
activated complex (C)] is known as‘ activation energy 
(E, ). It is the extra energy required by the reactant 
molecules that results into effective collision between 
them to form the products. 


Chemical Kinetics 


Some energy is released when the activated complex 
Jecomposes to form products. Therefore, the final 
enthalpy of the reaction depends upon the nature of 
reactants and products. 


To convert reactants into products they have to cross 
an energy barrier (also called potential barrier) and 
achieve the threshold energy as shown in the figure, 
which has been obtained by plotting potential energy 
persus reaction coordinate. 


Reaction coordinate represents the profile of energy 
change, when reactants change into products. Here, 
we have taken example of formation of HI from H, 
and I, molecules. 


Activated 
complex (at threshold energy) 
C 


Activation 
energy 
(energy 

barrier) 


Potential energy 


неса 
Reaction coordinate 
Figure showing plot of potential 
energy versus reaction coordinate 


Note (i) Threshold energy is the minimum energy which the 
-colliding molecules must have for effective collision. 


(ii) Effective collisions are those collisions which lead to 
the formation of product molecules. 


MAXWELL BOLTZMANN 
DISTRIBUTION CURVE 


Ata particular temperature 7, all the molecules of 
reactants do not have the same kinetic energy but 
the fractions of molecules having particular 


neuc energies at a particular temperature remain 
constant. 


= distribution of kinetic energy may be described 

у Plotting the fraction of molecules (Ng /N-):with a 
pen kinetic energy (E). This is called Maxwell's 
distribution of energies. Here, N р is the number of 


molecules with energy E and Ny is the total number 
9t molecules. 
The peak of the с 


po urve represents the kinetic energy 


SS Ld LI 
mes by the maximum fraction of molecules, that 
wn as m E . 
аш ost probable kinetic energy. Very less 


er f 
T of molecules possess either very low or very 
netic energy, 
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Most of the molecules have average or intermediate kinetic 


energies between the most probable kinetic energy and the 
lowest kinetic energy. 


Most probable kinetic energy 


molecules 
—» 


Fraction of 


Kinetic energy —» 
Distribution curve showing energies 
among gaseous molecules 


On raising temperature to t+ 10, the maximum of the curve 
shifts to higher kinetic energy value and the curve spreads to 
the right such that there is a greater proportion of molecules 
with much higher energies. However, the total area under 
the curve must be constant, since total probability must be 
one at all times. We can easily mark and determine E, 


(activation energy) with the Maxwell Boltzmann distribution 
curve. 


? 


o 
Ф 
2 
o 
Ф 
О 
Е Energy of This area shows 
О activation fraction of additional 
6 , molecules which 
= This area ; 
© shows fraction sie neti 
u of molecules 

reacting at t 


Kinetic energy —— 
Distribution curve showing temperature 
dependence of rate of a reaction 


Rise in temperature of the substance increases the fraction of 
molecules that collides with energies more than £ ,. 


The graph shows that in the curve at (t + 10) the area 
showing the fraction of reacting molecules having energy 
equal to or greater than activation energy gets doubled and 
hence, double the rate of a reaction, 


-E,IRT EIRT 


In Arrhenius equation, & = Ae , the factor e^ 


represents the fraction of molecules that have kinetic energy 
more than the activation energy (E,). Thus, it is clear from 
Arrhenius equation that increasing the temperature or 
decreasing the activation energy will result in an increase in 
the rate of the reaction and an exponential increase in the 


rate constant. 
Taking natural logarithm on both sides, the Arrhenius 
equation becomes, Е 
а 
а= - —— In А 
RT 


The plot of ln & versus VT gives a straight line. 


120 


Slope of this plot gives the value of — = and the 


intercept gives the value of In A. 


< Intercept =In A 


A plot between In kand 1/7 


E, and A can also be determined from the rate constants 
at two different temperatures. 


Іа k=- 


E; 
——*— + log A 
y 303 RT . 

Let £j and k, be the rate constants at temperatures 
Т, and 7,. Then, 


log k= + log A ..-(i) 


7 2.303 RT, 


log £; = + log A 22И) 


Е, 
7 2.303 РТ, 
A = constant for the given reactions. 
Subtracting Eq. (i) from Eq. (ii), we have 
E E 


a a 


= ар a 2. а 
ОВ 2 303 RT, 2.303 R 


Іор kz 


"E М ЕС 
og — = ——— | — -— 
B k, 2.303 R | Te ЧЫ 
kp _ AANG- 
ky „АМАЛ nr, 


log 


EXAMPLE |1| The decomposition of hydrocarbon 
follows the equation, k = (4.5x 10!! s~*) е728000 К/Т, 


Calculate ЕЁ. NCERT 
Sol. According to Arrhenius equation, k = Ает 2а FT (i) 

According to the available data 
k=(4.5 x10" 575) eOK (li) 


On comparing both equations, we have 
E,  —28000K 
RT T 
= (28000 K) x R= (28000 K) x (8.314 К^!] то!) 


= 232792 J mol” 
E, = 232.792 kJ mol” 
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EFFECT OF CATALYST 


A catalyst is a substance which increases the rate of 
reaction without itself undergoing any permanent 
chemical change, e.g. hydrogen and oxygen do not react 
at room temperature but in the presence of spongy or 
powder platinum, the reaction occurs vigorously. 
Similarly, MnO, catalyses the following reaction in the 
order to raise its rate considerably. 


MnO, 
2KCIO, ——> 2KCl+ 30, 


The word catalyst should not be used when the added 
substances reduces the rate of reaction. In such cases, the 
substance is called inhibitor. 


According to intermediate complex theory, a catalyst 
participates in a chemical reaction by forming temporary 
bonds with the reactants resulting in an intermediate 
complex. This has a transistory existence and decomposes 
to yield products and the catalyst. 
For a general reaction of the type, 

A + B= АВ 
Uncatalysed reaction proceed as: 

A+ В —э [А – B] — AB 

Catalysed reaction proceed as: роо 


A+ B+ C — ABC ә A—B + C 


Reactants Catalyst Intermediate Produce Catalyst d 
complex regenerate 


Since, the catalyst is regenerated after the decomposition of 
the intermediate so, a small amount of catalyst is enough 
for a large amount of reactants. 


It is believed that the catalyst provides an alternate 
pathway or reaction mechanism by reducing the 
activation energy between reactants and products, hence 
lowering the potential energy barrier as shown in the 
figure. It is also clear from the Arrhenius equation 


(k = Ae -Ea4'RT ) that lower the value of Е, faster will be 


the rate of reaction. 


Reaction path 
without catalyst 


Energy of 


5 Energy of activation 
e P ‘Reaction activation without 
S path with \\ with catalyst 
t catalyst 

5| үу 

o 

а. 


Reaction coordinate 
Effect of catalyst on activation energy 
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Characteristics ofa Catalyst Not all the collisions result into product. Collisions in 


6) A small amount of the catalyst can catalyse a large which molecules have sufficient kinetic energy (which 
amount of reactions. is also called threshold energy) and proper orientation 
(i) A catalyst does not alter Gibbs energy, AG of a reaction, result into breaking of bond between the reacting 


species and formation of new bonds to form 


products. These collisions are referred to as the effective 
collisions. 


(iii) It does not change the equilibrium constant rather it 
helps in attaining the equilibrium faster, i.e. it 
catalyses the forward and backward reactions both to 
the same extent so that the equilibrium state remains 
same but is reached earlier. + energy possessed by reacting species 

(iv) A catalyst catalyses the spontaneous reactions but does On the other hand, collisions with improper orientation 
not catalyse non-spontaneous reactions. make the molecules bounce back leading to the formation 

(\) A catalyst is highly specific. They have an ability to шш; ша, 
direct the reaction to yield a particular product. The e.g. Formation of methanol from bromomethane 
reaction with same reactants but different catalyst depends upon the orientation of reactant molecules. 


Note Threshold energy - activation energy 


may yield different products. CHj;Br- OH. —9 CH,OH+Br~ 
(vi) A catalyst never starts a reaction which has no tendency T Repulsion 
k орай $ 

to proceed. onentanon Нв? ba EAS No 

COLLISION THEORY OF НМ кон гон ш 
REACTIO н/ 
CHEMICAL NS EN E Е 
Although Arrhenius equation is applicable under a wide orientation a | 
range of circumstances, yet collision theory, developed by : H ra H 
Max Trautz and William Lewis in 1916-18, provides a imas “ыа! H+B 
greater insight into the energetic and mechanistic aspects = Ч 
of reactions. Collision theory is based on kinetic theory H 
of gases. (Methanol) 
ide s ns en 

According ma thi; dii ro Эссе аге Proper and improper orientations of colliding molecules 
assumed to be hard spheres and reaction is postulated to When the orientation factor is taken into account, the 
occur when molecules collide with each other. The expression becomes 
number of collisions per second per unit volume of the Reaction rate = PZ ,5 e ^ ^T 


reaction mixture is called collision frequency (Z). ЕЁ, is 


І where, P is orientation factor or steric factor or 
another factor which affects the rate of chemical 1 


probability factor. It takes into account the fact that in a 


reactions, i : € а 
For а bimolecular elementary reactions, collision, molecules must be properly oriented. 
Ra A+B Products - Therefore, in collision theory activation energy and 
te of reaction can be expressed as: proper orientation of the molecules together determine 
Rate = -E IRT the criteria for an effective collision and thus, the rate of 
te—Zage amiet ine 
Wher ; е а chemical reaction. 
4 d Zag is the collision frequency of the reactants 
an -E IRT . 2 ' к LI un ee М L 28 РЕ . 
energie wide T is the fraction of molecules with Limitation of Collision Theory 
les е | . . . 
Ы© equal to or greater than E This theory explains the results of à number of reactions 
4 is Arrhenius equation, $ = Ae ~E T is compared to bur it does not give satisfactory explanation in some cases 
€ abov H e т . Е . э 
© equation, A can be related to the collision as it considers atoms/molecules to be hard spheres and 


Te 
quency (2), ignores their structural aspect. 


TOPIC PRACTICE 4| 


OBJECTIVE Type Questions 


1. The temperature coefficient of a reaction is 
(a) the ratio of rate constant at two temperatures 
(b) the ratio of rate constant differing by 10° 
preferably 25°С and 35°С 
(c) the rate constant at a fixed temperature 
(d) None of the above 


2. Arrhenius equation may not be represented 


as 
A E —Ea/RT 
а) In— = — k = Ae 
(a) ar (b) 
E E 
c) log A=logk +——*— (d) logk-|—-|- А 
NONE s 2.303RT (6) Jag (2) 
3. Activation energy of a chemical reaction can 
be determined by ......... " NCERT Exemplar 
(a) determining the rate constant at standard 
temperature 

(b) determining the rate constant at two different 
temperatures 

(c) determining probability of collision 

(d) using catalyst 


4. What is the activation energy for a reaction, if 
its rate doubles when the temperature is 
raised from 20°C to 35°C? (К = 8.314 J mol! K ') 


(a) 342 kJ mol! (b) 269 kJ mol! 
(c) 34.7 kJ mol! (d) 15.1 kJ mot! 


5. According to Arrhenius equation rate 
constant k is equal to A елЕа/КТ Which of the 
following options represents the graph of In k 


vs = ?: 
T NCERT Exemplar 


(a) In к (b) Ink 
1/7— 1/7— 
(с) Ink (d) Ink 


1/7—— 1/7 — 


6. The role of a catalyst is to change ......... ; 
(a) Gibbs energy of reaction NCERT Exemplar 


(b) enthalpy of reaction 
(c) activation energy of reaction 
(d) equilibrium constant 
7. Inthe presence of a catalyst, the heat evolved or 
absorbed during the reaction ......... . NCERT Exemplar 


(a) increases 

(b) decreases 

(c) remains unchanged 

(d) may increase or decrease 


8. After introducing the factor P expression for the 


rate of a reaction, becomes 
Е, /RT 


(a) Rate — Eat (b) Rate = PZ дв e^ F« /FT 
E азр p еа /ЕТ 
(с) Rate = ТЕ, IRT (d) Rate = = 


VERY SHORT ANSWER Type Questions 


9. Why areaction does not have a zero activation 
energy? 


10. Oxygen is available in plenty in air yet fuels do not 
burn by themselves at room temperature. Explain. 
NCERT Exemplar 


11. What is the effect of adding a catalyst оп 


(i) Activation energy (E,) and 
(ii) Gibbs energy (AG) of a reaction? All India 2017 


12. Why in redox titration of KMnO, versus oxalic acid, 


we heat oxalic acid solution before starting the 
titration? NCERT Exemplar 


13. Why equilibrium constant remain unchanged in 
the presence of a catalyst? 


14. In some case, it is found that a large number of 
colliding molecules have energy more than 
threshold energy, yet the reaction is slow. Why? 

Delhi 2013; NCERT Exemplar 


SHORT ANSWER Type I Questions 


15. Whatis the effect of temperature on the rate 
constant of a reaction? How can this effect of 
temperature on rate constant be represented 

N 


quantitatively? CERT 


ical Kinetics 


Chem 
16. © Explain why H; and О; do not react at room 
^" C temperatue. 
(i) Write the rate equation for the reaction, 
A, + 3B, — 2С, if the overall order of the 
reaction is Zero. All India 2017 C 
17. (a) A first order reaction is 50% complete in 


30 min at 300 K and in 10 minutes at 320 K. 
Calculate activation energy (E, )for the 
reaction. (В = 8.314 ЈК”! mol ') 

(b) Write the two conditions for collisions to be 
effective collisions. Delhi 2020 


SHORT ANSWER Type IT Questions 


(8. The activation energy for the reaction, 
2HI(g) —> H.(g) + I; (g) is 209.5 kJ mol” at 
581 K. Calculate the fraction of molecules of 
reactants having energy equal to or greater than 
activation energy. NCERT Intext 


19. The rate of a reaction becomes four times when 
the temperature changes from 293 K to 313 K. 
Calculate the energy of the activation (Е„) ofthe 
reaction assuming that it does not change with 
temperature. [А = 8.314 ЈК”! mol", log 4= 0.6021] 


All India 2013; NCERT 


20. Therate of the chemical reaction doubles for an 
increase of 10 K in absolute temperature from 
298 K. Calculate E,. NCERT Intext 

Or 
The rate of most reactions become double when 
their temperature is raised from 298 K to 308 K. 
Calculate their activation energy. 
(Given, А = 8.314 J mol K^!) 

21. The rate constant for the decomposition of 
hydrocarbons is 2.418x 107557! at 546 К. If the 
energy of activation is 179.9 kJ mol! , what will 
be the value of pre-exponential factor? NCERT 


[23 


22. The decomposition of A into product has value 
of kas 4.5x 10° в! at 10°C and energy of 
activation 60 kJ mol". At what temperature 


would k be 1.5x 10*87!? NCERT; Delhi 2013 


23. The rate constant for the first order 
decomposition of H5O, is given by the following 
equation: 


4 
logk = 142-1010. К 


Calculate Е, for this reaction and rate constant Ё 
if its half-life period be 200 min. 


(Given, R = 8.314 JK^! mol !) Delhi 2016 


24. The rate of reaction quadruples when 
temperature changes from 293 K to 313 K. 
Calculate E, assuming that it does not change 
with time. [А = 8.314 JK !mol !] All India 2019 


25. Draw the plot ofInk vs1/ T for a chemical 
reaction. What does the intercept represent? 
What is the relation between slope and Е,? 

All India 2019 


LONG ANSWER Type Questions 


26. The time required for 10% completion of a first 
order reaction at 298 K is equal to that required 
for its 25% completion at 308 K. If the value of A 


is 4x 10's"), Calculate kat 318 K and Ej. NCERT 


27. The rate constant for the decomposition of N0; 
at various temperatures is given below. 


Tc 0 20 40 60 80 
10 xK/s' | 0.0787 170 257 178 2140 


Draw a graph between Ink and 1/Т and calculate 
the values of A and E,. Predict the rate constant 
at 30°С and 50°С. NCERT 


HINTS AND EXPLANATIONS 


[2 
. 


(b) The temperature coefficient of a reaction is the ratio 
of rate constant differing by 10* preferably 25*C and 
35'C. 
2. (d) Arrhenius equation is 

k = Ает E, /RT 
On taking In 


Ink=Ina+{—Fe) 

RT 
E E 

Or logA Борка. or log A= logk + ——*— 


03 RT 2.303 RT 


3. (b) Activation energy of a chemical reaction is related to 
rate constant of a reaction at two different temperatures, 
i.e. К, and k, respectively 


This equation is known as Arrhenius equation. 
4. (c)Given, initial temperature 
T, = 20 + 273 = 293 К 
Final temperature, Т, 235 + 273 =308 К 
R=8.314J mol! K^! 
As rate constant, k сг => ы =2 


1 
From Arrhenius equation, we know that 


eR (Te 
k, — 2303R| 7,7, 
E, 308 — 293 
lgg2z-—————|— 
2.303 x 8.314 | 293x 308 


E, = 34673.48 J mol! 234.7 kJ mol! 
5. (a) According to Arrhenius equation, k = A е7 
Ea 
Taking log on both sideln k = In (А.е RT) 
On comparing with equation of straight line, graph ‘a’ 


represents the graph of In k vs T 


6. (c)The role of a catalyst is to change the activation 
energy of reaction. This is done by either increasing 
or decreasing activation energy of molecule as 
catalyst are mainly of two types; +ve catalyst and -ve 
catalyst. 


7. (c)In the presence of catalyst, the heat absorbed, or 
evolved during the reaction remains unchanged as there 
is no change in stability of reactant and product. 


8. (b) After introducing the factor P, expression for the rate 
of reaction becomes PZ ape «^T, 
9. According to Arrhenius equation, 


k = Ae P» /RT 


If E, =0,k = A, і.е. rate constant equals to collision 
frequency which suggests that every collision resu 


. Its into 
a chemical reaction that cannot be true, Hence, Е, 


¥0, 

10. The activation energy for the combustion of fuels js ve 
high at room temperature. 

11. (i) Catalyst lowers the activation energy and changes the 

path of the reaction. 
(ii) A catalyst does not alter Gibbs energy (AG) of a 
reaction. 

12. On increasing the temperature, the rate of reaction 
increases. Thus, on heating the oxalic acid solution 
before titration, the rate of decolourisation becomes fast 
and hence, rate of reaction increases. 

13. It catalyses the forward and backward reactions to the 
same extent so that the equilibrium state remains same, 

14. It is due to improper orientation of reacting molecules, 

15. Refer to the text on page 118 and 119, 

[Hint On increasing the temperature to 10°C, i.e. ( +10, 
the rate of reaction become doubled, } 

16. (i) The activation energy for the reaction of H, with 0, 

is very high at room temperature. 


(ii) In zero order reaction, the rates does not depend on 
the concentration of any of the reactants. 


Thus, overall order is zero. 
7. Rate =К[А]?[В]?. 
17. (a) Refer to page 125 (Sol. 20). 
[Ans. E, = 43.84 kJ тої!) 


(b) Refer to page 121 (Collision theory of chemical 
reactions). 


18. For the given reaction, Е„= 209.5 kJ mol"! 
= 209500 J mol"! 
T =581K, R=8.314 JK^' mol! 


The fraction of molecules having energy equal to or 
greater than E, is x 2 e^fa/RT. 


ʻ In x 2 E,/RT 
І Е, 
og x=- 
2.303 КТ 


E 209500 J mol"! 
2.303 x 8.314 JK^' mol"! х 581K 
x =antilog (-18.8323) 


x =1.471x 107? 


--18.832) 


19. Given, T, - 293 K, T, 2313 К, k, /k, =4, 
К 28.314 JK^' mol“, log4 = 0.6021 


We know, log k, = Ea Ё т Т | 
ТТ, 


2 
к,  2.303R 


mical kinetics 


che 
iut E, 313 ~ 293 
2.303 х 8.314 | 313 x 293 
20 
6021 2 —*— | —— 
" 19.147 ns] 


P 0.6021 x 19.147 x 91709 
РА a 20 


Р E, = 52862.94 J mol"! 


jj According to Arrhenius equation, 


РЕЖ 2" E sets 
EV 2.303R[ т Т, 


ky 2 2T, = 298K, T; = 308K, R = 8.314 ЈК"! mol"! 
"ü 
E, 1 1 
log2 = ——-—.eav4Tr-l..urAoogY алак 
2.303 x(8.314]K" mol )|298K 308K 
0= 6х .110 «— 
or 030107 5503 x (8314] mol") 298х308 
0.3010 x 2.303 x 8.314 x 298 x 308 al 
Е, = —_ IJ mol) 
10 
= 52897.78] mol! 
= 52.898 kJ mol! 
Activation energy for the reaction = 52.898 kJ mol! 
21. According to Arrhenius equation, 


a 


2.303RT 
We have, К = 2.418 х 10s; 
E, 2179.9 kJ mol or 179900] mol; 
R=8.314J K'! mol; T =546K 


log k = log A - 


a 
2.303RT 
= log(2.418 х10755!) 
" 179900] mol! 
2.303 x (8.314]K^! mol™') x 546 K 
log A = – 4.6184 + 17.21 = 12.5916 


А = апор 12.5916 = 3.9 x 1075 


22. According to Arrhenius equation, 
log _ е лл 
К 2.3038 ТТ, 

к= 4.5 x10? 57! 

=> ЁК, =1.5х10*'; 
Т, =10°С 


= 283 К Іор 


= logA=logk + 


1.5 x10 

4.5 x10? 

_ __ (60000 J mol") E - ч 
2.303 x (8.314 ]К^!то!!)\ 283 T; 


log 3.333 = 3133.62 | 7222 
283 T, 


0.5228 T, - 283 


= 
3103,50 2837, 
0.5228 x 283 _ T, - 283 
3133.63 Т; 

= 1-23 004721 

T, 
- Т, 2 2. 25 

1-0.04721 0.95279 
Т, = 297.34 К 


= (297.02 - 273.0) = 24.М° С 
Temperature = 24.34° С 


23. According to Arrhenius equation, К = Де г ^" 
E 
log К = log A - ——*— iol 
P AUT Ados RE " 
4 
log k 214.2 - UM 6 
On comparing Eqs. (i) and (ii) 
E, _1.00х10* K 
2.303 RT T 


E, =2.303Rx1.0 x10*K 
= 2.303 х 1.0x 104 Kx 8.314 JK^' тог! 
=1914 х10*) mol`’ 
= 191.4kJ mol! 
Now, 
Given, з = 200 тіп = 200 x 60s 
y 0.693 _ 0.693 
tj,  200x60 
К = 5.775 х10757! 
24. Given, T, = 293 К, T; = 313 К, k, /k, =4, 
К = 8314 ЈК”! mol ^, log4 = 0.6021 
k, 2303R| ТТ, 


log4= E, E - 2d 
2303 x 8314 | 313x 293 
E, 20 
19.147 E 
_ 0.6021 x 19.147 x 91709 
"E 20 
= 5286294 Jmol! 
Hence, E, = 52.86294 К] mol”! 


0.6021 = 


25. The plot of In К vs 1/T gives a straight line. 


Slope of this plot gives the value of - ES and the 


intercept gives the value of In A. 
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E, and A can also be determined from the rate constants 


at two different temperatures. 


< Intercept «In A 


O 1T— 
A plot between In kand 1/7 


26. (i) For first order reaction, 


k = 2303 gg LU 
t [К] 
2.303, 100 
At 298 К, К, =——— log — . (1) 
vU t S g % 
At 308 К, К, = 2223 log = ...i) 


On dividing Eq. (ii) by Eq. (i), 
к; _ log (100/75) 
k, log (100/90) 
_0.1249 


= = 2.73 
0.0458 
According to Arrhenius theory, 
k E, T,-T, 


22 27a Xx 
ks 2.303 R TT, 


log 2.73 — Fa _ Ex 


log 


2.303 R | 298 x 308 


[= x 2.303 x (8.314 JK"! mol | 
х 298 х 308 
E, = 
10 
E, = 76640] mol! 
= 76.640 kJ mol! 


(ii) According to Arrhenius equation, 


Бере РЕГ == 258 
ОБ = ОБ 3303 RT 


k = log (4 x10” 
log К = log ( ) — 56640] mol" 


~ 2303x (8.314 J mol! K^!)x (318 К) 
log k — 10.6021— 12.5870 
= — 1.9849 
К = апШор (— 1.9849) 
= antilog (2.0151) 
= 1.035 x 10? s^! 
So, E, = 76.640 kJ mol"! 
k 21.035 x 107° s` 
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27. (i) To draw the graph between Ink versus1/T, we rewri 
the data as follows: le 


T(K) yr. Ink — 
273(0°C) 0.003663 =3.66x 10° —14.06 i 
293(20°C) 0.003413 =3.41x 10 —10.98 


313(40°C) 0.003194 =3.19х 10? -8.27 
333(60°С) 0.003003 =3.00х 10° —6.33 
353(80°C) 0.002833 =2.83х 10? -3.85 


(2.83, – 3.85) 


(3.00, – 6.33) 


a7 
| -8 (3.19, - 8.27) 
(3.41, -10.98) 


(3.66, —14.06) 


(ii) From the graph, we find the slope 
-2.4  -E, 
0.00047 2.303 К 


Slope = 


.. Activation energy, ; 
2.4 x 2.303 x 8.314 J mol! 
di 0.00047 
= 97772 J mol! = 97.772 kJ mol 
=> ` Е, =97.772 kJ mol"! 


-E, 


(iii) We know that, Ink = ln A + 
RT 


On comparing it with у = mx +c. The equation of 
line in intercept form, 


ink =(- 2) + In 
RJT 


log A = value of intercept on Y-axis, i.e. on the 

log k-axis =(-1+7.2)=6.2 [у - л = -1 (7.2) 
Frequency factor, A = апор 6.2 = 1585000 

A =1.585 x 10° collisions s~ 


or, 
(iv) Value of rate constant k can be find by the study of 

graph. 

Values of log K fK 
T(K) 1/T from graph Values О od 
ee сатан с E 
303 0.003300 -42 631x107s — 
Adis = poe _ En 
323 0.003096 - 28 1.585х10 5 . 


SUMMARY 


ch of chemistry that deals with the study of the speed 
chemical reactions, factors affecting the rates of 
reaction and the mechanism by which reaction proceed Is 
known as chemical kinetics. 

Rate of reaction It is the change in the concentration of any 
one of the reactants or products per unit time. In aqueous 

e unit of rate is molL s~ while in the case of 

ion, the unit of rate is atm s™'. 


The bran 
or rate О! 


reactions, th 

gaseous react 

Instantaneous rate It is the rate at a particular instant. 
_ d[R] ,d[P] 

For RP fq rtg 


Average rate It is the rate over a long time interval, 


For a reaction, pA 98 + rC 
.d[A] ,d[B] , 9(С] 

pat 99 rat 
p.q. r = integer of balanced equation. 


rate = 


Rate law It is the expression of rate in terms of molar 
concentration of reactants. 

For a reaction, xA + УВ э zC, Rate =k [A]? [B]? 
[pandq may or may not be equal to x and y.] 


Rate constant (К) It is the rate of chemical reaction when 
concentration of each reactant is unity. It is also called specific 
reaction rate. It depends only upon temperature. 


1-n 
Unit of k = i s^! where, [n = order of reaction.] 


Order of reaction It is the sum of powers of concentration 
lerms in the rate law expression. It is determined 
experimentally. e.g. Rate = k[AF [BF , Order = p+q 


Molecularity of reaction It shows number of species 
taking part in an elementary (one step) reaction. It never 
be equal to zero and always a whole number. It has no 


meaning in complex reaction (reactions involving more than 
one steps), 


Zero order reaction In this reaction, the rate does not depend 
on the concentration of any of the reactants. 


i Rate, 


EE or kt = [8], - [R]. t> (half -life) = = 

Plot of [А]уег$из [] is a straight line with slope of — k and 
intercept [R]. 

First order reaction In this reaction, the rate is proportional to 
the first power of the concentration of the reactant. 


2 
ELLE log E. [a z initial concentration] 
t (a- x) 
_!п2 0693 
а ага 


Plot of [R] versus [Ї]Ї$ a straight line with slope of — k and intercept 


In[A],. 
In terms of pressure, k = a MR 


2р, _р( 


Pseudo first order reaction These reactions are not actually 
of first order but behave so due to altered conditions. e.g 
hydrolysis of ester. 

Temperature coefficient The effect of temperature is usually 
expressed in terms of temperature coefficient. For every 10° 
rise in temperature, the rate becomes double. 

Arrhenius equation The temperature dependence of rate of a 
chemical reaction is expressed as 

к = Ае!" (where, А = pre-exponential factor, R= gas 


constant, E, = activation energy] 


ky Е. (24) 


к, 2303R\ TI, 


lo 
R ТТ, 


Activation energy (E) It is the energy required by the reactant 
molecules for effective collision to form products. 


Threshold energy It is the minimum energy which the colliding 
molecules must have for effective collision. 
Effect of catalyst A catalyst increases the rate of reaction by 
providing a path of lower activation energy. It cannot initiate a 
reaction, it can only accelerate the rate of reaction. It neither 
alters free energy change nor enthalpy of the reaction. 
Collision theory According to this theory, 

rate = Zag e 5/7 


where, Zag = collision frequency 


CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 


1 Fora hypothetical reaction, В ——> products; 
rate = —k[R]. The negative sign used in the rate 
expression indicates. 

(a) decrease in the concentration of reactants with time 
(b) decrease in the rate with time 


(c) reaction is reversible 
(d) None of the above 


2 A first order reaction is 50% completed in., 
1.26 x 10'^s. How much time would it take for 


100% completion? 

(а)1. 26 x 10? s 

(b) 252 x 10'* s 

(c) 252 x 10% 5 

(d) Infinite 

3 Which of the following statement is not correct 

for the catalyst? j 

(a) It catalyses the forward and backward reactions to the 
same extent p 

(b) It alters AG of the reaction ininvy 

(c) It is a substance that does not change the equilibrium 
constant of a reaction 


(d) It provides an alternate mechanism by reducing 
activation energy between reactants and products 


4 Consider the following plot between In k and 1/7; 


< Intercept 


0 ит — 
In this plot, the intercept and slope respectively 
are 
E, E 
-—*;InA b) In A; - — 
(a) R (b) A 


E E 
LE d) 24; А 
(с) me InA (d) R 


CASE BASED Questions 


Case | 

Most of the chemical reactions are accelerated by increase in 
temperature 7. At a particular temperature 7, all the 
molecules of reactants do not have the same kinetic energy 
but the fractions of molecules having particular kinetic 
energies at a particular temperature remain constant. The 
distribution of kinetic energy may be described by plotting 
the fraction of molecules (№; / Мт.) with a given kinetic 
energy (Е). This is called Maxwell’s Boltzmann distribution 
of energies. Here, /V p is the number of molecules with 
energy Е and JV; is the total number of molecules. 


The temperature dependence of rate of a chemical reaction 
is expressed by Arrhenius equation, Ё = Ae~ £2!" 

The following questions are multiple choice questions. Choose 
the most appropriate answer : 


5 Given the Maxwell’s Boltzmann’s distribution 
curve showing dependence of rate of reaction. 


Energy of This area shows 
activation fraction of additional 
molecules which 


This area | react at (t + 10) 
shows fraction 

` of molecules 
reacting at t 


Kinetic energy ——». 
(a) time (b) conc. of reactant 
(c) amount of reacant (d) temperature 
6 What does the peak of the distribution curve 
represents? 
(a) Kinetic energy (b) Potential energy 
(c) Number of molecules (d) Time 
7 What does the graph show that on increasing 
the temperature rate of reaction gets doubled? 
(а) Doubles the concentration of reactants 
(b) half the amount of reactant. 
(c) double the rate of reaction: "| 
(4) half the rate of reaction 


Fraction of molecules 
——À 


chemical Kinetics 


The rate constant of a reaction is 5 x 10" s^! 
at 50°С and 4.5 х 107s"! at 100°C. Calculate 
the value of activation energy E, for the 
reaction R =8.314 J K^ ! mol !. 

(a) 22.01 J mol! (b) 22.01 kJ mol"! 

(9 19.15 J mol" (d) 19.5 kJ mol! 
§ With the help of Arrhenius equation, what will 
be the effect on increasing the temperature 
result in ~- in the rate of reaction? 

(a) increase (b) decrease 

(c) constant (d) None of these 


Case Il 
Read the passage given below and answer the questions 


that follows 
Are there nuclear reactions going on in our bodies? 


There are nuclear reactions constantly occurring in our 
bodies, but there are very few of them compared to the 
chemical reactions, and they do not affect our bodies 
much. All of the physical processes that take place to 
keep a human body running are chemical processes. 
Nuclear reactions can lead to chemical damage, which 
the body may notice and try to fix. 


The nuclear reaction occurring in our bodies is 

radioactive decay. This is the change of a less stable 

nucleus to a more stable nucleus. Every atom has 

either a stable nucleus or an unstable nucleus, 

depending on how big it is and on the ratio of protons 

to neutrons. The ratio of neutrons to protons in a 

sable nucleus is thus around 1:1 for small nuclei (Z < 

20). Nuclei with too many neutrons, too few neutrons, 

ог that are simply too big are unstable. They eventually 

transform to a stable form through radioactive decay. 
erever there are atoms with unstable nuclei 

(radioactive atoms), there are nuclear reactions 

occurring naturally. | 

The most common natural radioactive isotopes in humans 

are carbon-14 and potassium-40. Chemically, these 

Isotopes behave exactly like stable carbon and potassium. 


For this reason, the body uses carbon-14 and 

Potassium-40 just like it does normal carbon and 

enn building them into the different parts of the 
» Without knowing that they are radioactive. 


In time, carbon-14 atoms decay to stable nitrogen atoms 
Potassium-40 atoms decay to stable calcium atoms. 

Chemicals in 

Carbon-1 4 


Or 


the body that relied on having a 
atom or potassium-40 atom in a certain 


i 


spot will suddenly have a nitrogen or calcium atom. Such a 
change damages the chemical. Normally, such changes are 
so rare, that the body can repair the damage or filter away 
the damaged chemicals. 


The natural occurrence of carbon-14 decay in the body is 
the core principle behind carbon dating. As long as a person 
is alive and still eating, every carbon-14 atom that decays 
Into a nitrogen atom is replaced on average with a new 
carbon-14 atom. But once a person dies, he stops replacing 
the decaying carbon-14 atoms. Slowly the carbon-14 atoms 
decay to nitrogen without being replaced, so that there is 
less and less carbon-14 in a dead body. 


The rate at which carbon-14 decays is constant and follows 
first order kinetics. It has a half - life of nearly 6000 years, 
so by measuring the relative amount of carbon-14 in a 
bone, archeologists can calculate when the person died. AII 
living organisms consume carbon, so carbon dating can be 
used to date any living organism, and any object made from 
a living organism. Bones, wood, leather, and even paper can 
be accurately dated, as long as they first existed within the 
last 60,000 years. This is all because of the fact that nuclear 
reactions naturally occur in living organisms. 
CBSE SQP (Term IT) 
9. Why is carbon -14 radioactive while carbon -12 not? 
(Atomic number of carbon - 6) 


10. Researchers have uncovered the youngest 
known dinosaur bone, dating around 65 million 
. years ago. How was the age of this fossil 
estimated? 


11. Which are the two most common radioactive 
decays happening in human body? 


12. Suppose an organism has 20 g of carbon -14 at 
its time of death. Approximately how much 
carbon -14 remains after 10,320 years? (Given 
antilog 0.517 = 3.289) 

Or 
Approximately how old is a fossil with 12g of 
carbon -14, if it initially possessed 32 g of 
carbon -14? (Given log 2.667 = 0.4260) 


Case Ill 

(Read the passage given below and answer the following questions) 
The rate of a reaction, which may also be called its velocity 
or speed, can be defined with relation to the concentration 
of any of the reacting substances, ог to that of any product 
of the reaction. If the species chosen is a reactant which has 
a concentration c at time ¢ the rate is - dc/dt, while the rate: 
with reference to a product having a concentration x at time 


130 


t is 44. Any concentration units may be used for 
expressing the rate; thus, if moles per liter are employed 
for concentration and seconds for the time, the units for 
the rate are moles liter 'sec™'. For gas reactions pressure 
units are sometimes used in place of concentrations, so 


that legitimate units for the rate would be (mm Hg) 
1 


sec! and atm sec '. 
The order of a reaction concerns the dependence of the 
rate upon the concentrations of reacting substances; thus, 
if the rate is found experimentally to be proportional to 
the a ™ power of the concentration of one of the 
reactants A, to the B® power of the concentration of a 


second reactant B, and so forth, via., 


rate = 4C „°С a(i) 
the overall order of the reaction is simply 
n=a+B+... ... (ii) 


Such a reaction is said to be of the a ' order with respect 
to the substance A, the B™ order with respect to В and: 
SO On... 
In the following questions, a statement of 
assertion followed by a statement of reason is 
given. Choose the correct answer out of the 
following choices on the basis of the above passage. 
(a) Assertion and reason both are correct statements and 
reason is correct explanation for assertion. 
(b) Assertion and reason both are correct statements but, ' 
reason is not correct explanation for assertion. 
(c) Assertion is correct statement but reason is wrong’ 


statement. 
(d) Assertion is wrong statement but reason is correct 
statement. CBSE Question Bank 


1З Assertion Rate of reaction is a measure of 
change in concentration of reactant with respect 


to time. | 
Reason Rate of reaction is a measure of 
change in concentration of product with respect 


to time. 

14 Assertion For a reaction: P + 20 ——› products, 
Rate = k[P]"? [О]! so the order of reaction is 1.5 
Reason Order of reaction is the sum of 
stoichiometric coefficients of the reactants. 

15. Assertion The unit of k is independent of order 
of reaction. 

Reason The unit of k is moles L's", 

16 Assertion Reactions can occur at different 
speeds. 

Reason Rate of reaction is also called speed of 
reaction. 
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ASSERTION and REASON 

ш Directions (Q. Nos. 17-24) In the following questions, 

an Assertion (A) is followed by a corresponding Reason (R) 

Use the following keys to choose the appropriate answer. 

(a) Both (A) and (R) are correct, (R) is the correct 
explanation of (A). 

(b) Both (A) and (R) are correct, (R) is not the correct 
explanation of (A). 

(c) (A) is correct; (R) is incorrect. 

(d) (A) is incorrect; (R) is correct. 

17 Assertion (A) A[R] is multiplied with —1to 
make the rate of the reaction a positive quantity. 
Reason (К) ДІА ]іѕ a negative quantity in the 
expression, rate of disappearance of R = ES 

18 Assertion (A) Some zero order reactions may 
have order in fractions. 

Reason (R) Order cannot be determined from 
balanced chemical equation. 

19 Assertion (A) Decomposition of gaseous 
ammonia on a hot platinum surface is a zero 
order reaction at high pressure. 

Reason (R) At high pressure, the metal surface 
gets saturated with gas molecules. 


20 Assertion (A) A catalyst increases the rate of 
reaction. 
Reason (R) Catalyst also changes the 
equilibrium constant. 


21 Assertion (A) A positive catalyst increases the 
rate of reaction. 
Reason (R) A catalyst increases the rate of 
reaction by making available a new and more 
efficient mechanism. 


22, Assertion (A) Order of reaction can be zero or 
fractional. 
Reason (R) We cannot determine order from 
balanced chemical equation. 


.23 Assertion (A) AII collisions of reactant 
molecules lead to product formation. 
Reason (R) Only those collisions in which 
molecules have correct orientation and 
sufficient kinetic energy lead to compound 
formation. 


24 Assertion (A) Rate constant determined from 
Arrhenius equation are fairly accurate for 
simple as well as complex molecules. 
Reason (R) Reactant molecules undergo 
chemical change irrespective of their 
orientation during collision. 
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VERY SHORT ANSWER Type Questions 40 


25 Which type of reactions are usually very fast? 
41 


26 When does the rate of reaction is equal to 
specific reaction rate? 


27 How does the value of rate constant vary with 
reactant concentration? 


28 Under what conditions, a bimolecular reaction is 
kinetically first order? 42 


29 Forareaction, X - Hj0 —» Y, rate « [X]. 


What is its 
(i) molecularity? (ii) order of reaction? 


30 In what case order of reaction is equal to the 
sum of the stoichiometric coefficients of 


reactants in the balanced chemical equation for 43 
a reaction? 

31 Why does the hydrolysis of ethyl acetate being a 
bimolecular reaction is said to be a first order 44 
reaction? 


32 What is the value of rate constant at an 
extremely high temperature? Is this rate 
constant feasible? 45 


33 Ifthe reaction has the rate constant 
19x10% atm !s' then predict the order of the 
reaction. 


34 Ifthe rate of any reaction is Rate =k[ A] [B] then, 
what is the order of the reaction? 


35 Asubstance disintegrated 87.5% in 45 min. What 
is its half-life? 


SHORT ANSWER Type I Questions 


36 The rate of a reaction is given by гаќе = К[№,05]. 


47 


In this equation, what does k stand for? What is 48 
meant by elementary step in a reaction? 


37 


One-fourth of reaction is completed in 32 min. 

What is the half-life period of this reaction? 

How is half-life period related to initial 49 
concentration for a second order reaction? 


Find ue molecularity of the reaction, 
а 2 Cl,(g). Give the potential energy 


38 


diagram to explain activation energy. 50 


(i) Ilustrate graphically the effect of catalyst on 

_ activation energy. 

(ii) Catalysts have no effect on the equilibrium 
Constant, why? 


39 


I3] 


State the role of activated complex ín a reaction 
and state its relation with activation energy. 
A«*2B——3 C «2D 
The rate of disappearance of B is 
0.5x 10 mol L! 5-1. What will be 

(i) rate of the reaction? 

(ii) rate of change in concentration of A and C? 
The concentration of R in the reaction; Ё —» HE 


was -measured as a function of time and the 
following data is obtained: 


[Е] mo L" 10 075 040 010 
t (min) 00 0.05 012 018 
Determine the order of reaction. 


For a reaction P О, the rate becomes 27 times 


when concentration of P is tripled. What is the 
order of the reaction? 


The rate constant of a reaction of zero order in A 
is 3.0x10? mol L' s*. How long will it take for 
the initial concentration of A to fall from 010 M 
to 0.075 M? 


For areaction, X(g) —> Y(g) + Z(g) 

the half-life period is 10 min. In what period of 
time would the concentration of X be reduced to 
10% of original concentration? 


The half-life period of a first order reaction is 

60 min. What percentage will be left after 

120 minutes? 

If time taken for half of the first order reaction to 
complete is t}, whereas that for 3/4? of the reaction 
to complete is t». How aret, and t, related to each 
other? 

The rate of a chemical reaction doubles for 
every 10°C rise in temperature. If the 
temperature is raised from 10° to 30°C, what will 
be the increase in the rate of the reaction? 


The activation energy of a reaction is 94.14 kJ 
mol ! and the value of rate constant at 298 К is 
18x 10s". Calculate the frequency factor or 
pre-exponential factor, A. 

If the rate constants of a reaction аге 1x 10° 5! 
and 2x 10? в! at 27°C and 37°C, respectively. 
Calculate the activation energy (E,) of the 
reaction. 
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51 


52 


54 


55 


56 


In the Arrhenius equation for a certain reaction, 
the value of A (frequency factor) and E, 
(activation energy) arc 4x 10' s*! and 

98.6 kJ mol", respectively. If the reaction is of 
first order, then find that at what temperature 
will its half-life period be 10 min? 

When the temperature of a reaction is raised 
from 47°C to 57°C, the rate of the chemical 
reactions is doubled. Calculate the E,. (Given, 

R = 8.314 J mol! K^!) 


For a reaction, the energy of activation is zero. 
What is the value of rate constant at 300 K, if 
к= 16x 108! at 280 К? 


Derive the equation for the rate constant of a 
first order reaction and show that the time |- 
required for the completion of half of the first 
order reaction is independent of initial 
concentration. 


What will be the initial rate of a reaction if its rate 
constant is 10? тіп! and the concentration of 
reactant is 0.2 mol dm ?? How much of the 
reactant will be converted into products in 200 
min? 
The rate constant for a first order reaction is 
60 5-1. How much time will it take to reduce the 
concentration of the reactant of 1/10 th of its 
initial value? 
The decomposition of N,O, according to the 
equation. 

2N50s5(g) —> 4NO,(g)+ O2(g) 
is a first order reaction. After 30 min, in a closed 
vessel, the total pressure is found to be 
284.5 mm of Hg and on complete 
decomposition, the total pressure is 584.5 mm of 
Hg. Then, find the rate constant of the reaction. 


SHORT ANSWER Type II Questions . 


58 


59 


60 


Half-life of a first order reaction is 8x10*s. What 
percentage of the initial reactant will react in 
2h? 

The rate of first order reaction is 0.04 mol L's 
at 10 min and 0.03 mol Ls” at 20 min after 
initiation. Thus, find the half-life of the 
reaction. 


The rate constant of a certain reaction is given by 


logk = 68-7 +5ЛовТ 


12-1 
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Calculate E, at 127°С. 


The activation көрү of a first order reaction, 


187.06 kJ mol"! at 750 К and the value of 
2s 
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pre-exponential factor, A is 1.97 x10" s 
Calculate the rate constant and half-life. 
(Given :e?? = 9.35x10^ ^) 

The rate of a particular reaction triples when 
temperature changes from 60°C to 100°C. 
Calculate the activation energy of the reaction, 
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LONG ANSWER Type Questions 


63 Consider the reaction, А — B. The change in 
concentration with time t is shown in the graph. 


| 


[А] 
0 
log fall 


Time — 


(i) Predict the order of the reaction. 
(ii) Derive the expression for the time which is 
required to complete the reaction. 
(iii) Find the slope of the curve. 


64 A drug becomes ineffective after 30% 
decomposition. The original concentration was 
10 mg mL” which becomes 8.4 mg mL” during 
first 40 months. Assuming the decomposition of 
first order, calculate the expiry time of the drug 
in months. What is the half-life of the drug? 


65 The experimental data for the reaction; 
24+ B,——24AB; is 
Experiment IA} Be ] ias) me 
' 050 — 05 18х10 
2 0.50 1.0 32x 107 
s 100 10 3.2 x107 


Write the most probable rate equation for the 
reaction. 
2380 changes to 206 Pb by successive radioactive 


decay. A sample of uranium was analysed and 
found to contain 1.0 р of 2380 and 0.1 g of 7°°Pb 
had accumulated due to decay of 2380, find out 


the age of ore. (Half-life of 2380 = 4.5x 10? years) 
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1 
5 


~w 


Or 


хо 


10 


11 


12 


(à 20 3(b) 40 

(d) This curve is showing temperature dependence of 
rate of reaction. 

(a) The peak of the curve represents the kinetic energy 
possessed by the maximum fraction of molecules that is 
known as most probable kinetic energy. 

(c) The graph shows that in the curve at (f + 10) the area 
showing the fraction of reacting molecules having 
energy equal to or greater than activation energy gets 
doubled and hence, doubles the rate of a reaction. 


(d) From Arrhenius equation, we have 


45xius ^ E, 1 1 
15x10 s^! 2303x8314|323 373 
p 04771x 19147 x 323 x 373 


a 


50 
E, = 2201159 J mol” ог 2201 kJ mol! 


(а) In Arrhenius equation, k = Ае” Fa IRT, the factor 
ах represents the fraction of molecules that have 
kinetic energy more than the activation energy (E, ). 
Thus, it is clear from Arrhenius equation that 

increasing the temperature or decreasing the 

activation energy will result in an increase in the rate of 


reaction. 
C-14 and C-12 have same number of protons (i.e. 6) 


but different number of neutrons (i.e. 8 and 6 
Iespectively). 


As C-14 atom has more neutrons than protons in its 
nucleus, therefore, its nucleus becomes unstable and 
shows radioactivity. | 


Radioactive or carbon dating method is used to find out 
the age of fossils, 


е two most common radioactive decays happening in 
uman body are 


(а) carbon-14 decay to stable nitrogen atom and 
0) potassium-40 atoms decay to stable calcium. 
Given, amount of C-14(C,) = 20g 

Time =10,320 years 


According to first order, m 


ТР 


_ 0.693 
6000 
F [tiz = 6000 given in the passage] 


EM 


13 


14 


15 


16 


On putting the value in first order equatíon, we get 


2 
10, 320 = ae x 6000 log 2 
0.693 1 


[Let C, be the amount of C-14 remains after 10,320 years] 
20 10,320 x 0.693 
log| — |2— ———— 
C,) 2303x6000 


=0517 


= =antilog (0.517) 


Given, initial amount of C-14 present in fossil Cg =32 g 
Final amount of C-14, i.e. C, =12g. 
Time (t) =? 

0.693 


For 1st order reaction, k = —— 
6000 


(half-life, i.e. 6000, is given in passage] 
For 1st order reactions 


r= азаа) (0) 


Substituting the given value in Eq. (i), 
we get 


32 
305 х 6000х log — 
93 12 


=19939.4 log 2.667 

=19939.4х 0.426 

= 8494 years 
(b) Rate of reaction is measure of change in 
concentration of reactant and product with respect to 


time. As, concentration of product increases with 
increase in time, concentration of reactant decreases. 
For reaction К > P 
-A[R] _ AP] 

At At 


(c) Order of reaction depends on the concentration of 
reacting substances. Thus, if the rate is found 
experimentally proportional to the а power of 
concentration of one of the reactants A, to the ph power 
of the concentration of a second reactant B. Then, 

Rate = KC$C5 
Overall order of the reaction is simply, n = a + p 


(d) The unit of k depends on order of reaction and it is 


-i e-1l 
moles L^! 87. 


(b) Rate of reaction can be different for every reaction, 
Rate of reaction is also known as speed of reaction or 
velocity of reaction. lt is defined as the change in 
concentration of reactant or product in unit time. 


Rate = 


134 


17 


18 


19 


20 


21 


22 


23 


24 


25 
26 


27 


28 
29 
30 


31 


A[R] 

. HI ^t 
Since, A[F] is a negative quantity, it is multiplied with —1 
to make the reaction rate a positive quantity. Hence, 
both (A) and (R) are correct and (R) is the correct 
explanation of (A). 
(d) Only reactions with zero order do not have the order 
in fractions. Thus, (A) is incorrect but (R) is correct. 


(a) It is a zero order reaction at high pressure. 


2NH 1130K 
(в) Pt catalyst N2(g)+3H2(g) 


Rate=k [NH,]° =k 

In this reaction, Pt acts as a catalyst the metal surface 
gets saturated with gas molecules at high pressure. 
Thus, a further change in reaction conditions does not 
alter the amount of ammonia on the surface of the 
catalyst making rate of the reaction independent of its 
concentration. Thus, both (A) and (R) are correct and (R) 
is the correct explanation of (A). i 

(c) A small amount of the catalyst can catalyse a large 
amount of reactants. A catalyst does not alter Gibbs 
energy, AG of a reaction. It does not change the . 
equilibrium constant rather, it helps in attaining the 
equilibrium faster, i.e. it catalyses the forward and 
backward directions both to the same extent so that the 
equilibrium state remains same and is achieved earlier. 
Thus, (A) is correct but (R) is incorrect. 

(a) A positive catalyst increases rate of reaction by 
making a new and more efficient mechanism. Thus, both 
(A) and (R) are correct and (R) is the correct explanation 
of (A) 

(b) Order of reaction can be zero or fractional as order of 
reaction is directly related to sum of power of reactants. 
Hence, both (A) and (R) are correct and (R) is the correct 


explanation of (A). 

(c) Only effective collision lead to formation of product 
in a chemical reaction. Thus, (A) is correct but (R) is 
jncorrect. . 4 

(c) (A) is correct but (R) is incorrect. The correct 


explanation is reactant molecules which have proper 
orientation during collision and sufficient kinetic energy 


lead to the chemical change. 

Refer to text on pages 92. 

When concentration of all the reactants is unity, then 
Rate - k 

Rate constant value does not depend upon the 
concentrations of the reactions. 

When one of the reactant is present in large amount. 
(i) molecularity = 2 (ii) order = 1 

In elementary reactions, molecularity is equal to the 
order of the reaction. 

CH,COOC,H, + H;,O—— CH,COOH + C;H,OH 


Rate = к [CH,COOC,H,] [H,O]" 


(a) Rate of disappearance of R = — 


i 
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46 
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k= Ae ET 
k=A,ifT 5 


Second order reaction. 
[Ans 2nd order reaction] 
Calculate k followed by t;;2- 
2303 a 
log —— 
t a-x 


Rate constant, k = 
0.693 А 
Half time (#2) = E [Ans 2, = 26min] 


Refer to text on page 93. k stands for rate constant, 
0.0693 


1/2 7 1 
Half life, t,,, cc ——— 
U2 INE 


Refer to text on page 102 and 120. 
Refer to text on page 120 and 121. 


Refer to text on page 118 and 119. 
__14в_,14С]_ 
3 dt 


Rate = -—— = 
dt 2 dt 
Rate law states that, Rate =k[A]*[B]” 


-id[D] 
2 dt 


Refer to solution 14 on page 114. 
[Ans First order reaction] 
Third order reaction. 


t - TAL -[A]) [Ans t 28355] 


2303 a 
= log 
a-x 


229 = 229310614 [Апз 25%] 


i [A] 


[Ans 33 min] 


k 


hi 
з\р 72 
3 times. 
According to Arrhenius equation, 


2303RT 
We have, k =18х107°5 ^!, 
E, 29414 kJ mol'!, 


Т = 298 К, К 2 8314 ЈК”! mol"! 


Еа 
log A = log K + ——— 
Б 2303RT 


a 94140 Jmol”! 2 
= log(18x 1075 SATIS S mol !)x 298K 
log A = —3744 +165 212756 
A =antilog (12756) 257 x 1075! 
Hint Given, k, =1х10°57!, К, = 2x10°s™ 
T, 2300 K. T, 2310 К, R 28314JK mol" 


logk =log A – 


ГЕ eee E, 52 
k, —2303R[T, T, 


chemical Kinetics 
"REL x107s^!, E, 2986 kJ mol"! 
ОЕ, 
logk = 1084 "5 o3RT 
s ___ 98600 


logk = log(4x10 


693 
Now, lj? = == [For first order reaction] 


ке 0853 2155x1075"! 


~ 600s 


2303 x 8314 x T 


98600 
2.303 x 8314 x T 


= T =31153 К 


Jog (1155x107) = log(4 x10") - 


13.60 —5149.6 
2935 ——— ——5 


E, 


2303RT 


52 Hint Use Arrhenius equation, logk = log A — 


iati k, E, |1 1 
pfe 
Bek. ООН Т, Т, 
. k, =k, 
54 Refer to text on pages 108 and 110. 


2.303 a 
log 


55 Use, k= 
a-x 


., 2303 0.2 0.2 
10322909 agg A^; log—— =5.210 
12x10's а-х а-х 

0.2 =162181(a—x) => а-х -123x10? 


0.693 
56 k „== and then use the equation 
1/2 


23 
TL ELM [Ans. t 238x10 ?s] 
k a-x 
57 Use, к= АҢ" 
t 2pi — p, 


Refer to Example 2 on page 109. 


RELATED ONLINE VIDEOS | | 
EASE 


Visit : https://youtu.be/DbEecMtO6aY 
OR Scan the Code 


Visit : https://youtu.be/CgWo7da74wE 


OR Scan the Code 
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59 


60 


61 


62 
63 


64 


65 
66 


Visit : https://youtu.be/m8S2nKFGHxs 
OR Scan the Code 
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tin 28x10's 4 
y 9693 _ 0693 


zs -6 
tud Pur =866х10 


Then, use 


a 


2303 
= — log 
t a-x 
2303, 0.04 
= log—— > k=4 = 
6005 003 meee 
0.693 0.693 
tiz = = ET 
‚КО 48x10 


Compare the given equation by 


k 


k 


=144 10's 


E, 


2303RT 


logk =log A – 


And then calculate E,. 


a 


2303RT 


logk = log A-— 


187060 
2303x 8314 x 750 
logk =123 -13.026 => logk =—0.726 

k =0188 


0.693 0.693 
tia = —— = —— -3686 
k 0188 
Refer to solution 19 on page 124. 


Refer to text on page 108. 
2.303 a 
log—— 
a-x 
Refer to Example 4 on page 97. 
Refer to Example 3 on page 110 . 


[Ans 7.099x 10° years] 


logk = log (197 x10? — 


Use, k = 


NUS 
ENS 


d-AND f-BLOCK ELEMENTS 


The d-block of the periodic table includes the elements of the groups 


3 0012, in which the d-orbitals are progressively filled in each of the four long | 


periods. The elements constituting the f-block are those in which the 4 f-and 
5 f-orbitals are progressively filled in the latter two long periods. These | 
elements are formal members of group 3 from which they have been taken out 
to develop a separate f-block of the periodic table. Generally, the terms 
‘transition metals’ and ‘inner-transition metals’ are used to refer the elements 
of d-and f-blocks, respectively. | 

The two series of the inner-transition metals (4 f and 5 f.) are written separately, 
outside the periodic table and are called lanthanoids and actinoids, respectively. 


| TOPIC 1| 
Transition Elements and 
Their Properties 


d-BLOCK ELEMENTS 


The elements which have incompletely filled d-orbitals in its ground state or 
in any of its oxidation state are called d-block elements (transition elements). 
As zinc (Zn), cadmium (Cd), mercury (Hg) of group 12 have full g !? 
configuration in their ground state as well as in their common oxidation 
states, thus they are not regarded as transition metals, but they are studied 
along with the chemistry of the transition metals. 

The presence of partly filled Z-or f- orbitals in their atoms sets the study of the 
transition elements and their compounds apart from that of the main group 
elements. Still, the usual theory of valence as applicable to the main group 
elements can also be applied successfully to the transition elements. 


Various precious metals like silver, gold and platinum, and industrially important 
metals like iron, copper and titanium form part of the transition metals. 


У CHAPTER CHECKLIST 


¢ Transition Elements and 
Their Properties 

* Important Compounds and 
Applications of Transition 
Elements 


`. Inner-Transition Elements 


4 f-Block Elements 
dan 


on of d- Block Elements 
Periodic Table 


occupies the large middle section flanked 
d p-blocks in the periodic table. The 

< ansition given to the elements of d-block is 
г we of their position between s-and p-block 
wa d-orbitals of the penultimate energy 
г atoms receive electrons giving rise to the 
« of the transition metals, i.e. 3d, 4d and 
dee Won row of 6d is still incomplete. 


The | 
pe transition series or 34- series Scandium (5, Sc) to 
i 


к Nee 
а transition series or 44 -ѕегіеѕ Yttrium (35 Y) to 


dmium (48 СФ. Ar 
d transition series or 5d-series Lanthanum (<7 La) 
ro Mercury (s; Hg). Excluding <; Ce to 7, Lu. 
Fourth transition series or 6d-series Actinium (gg Ac) 


" Copernicium (11; Сп) excluding ‘99 Th to j93Lr. 


positi 
ni the 
P d-block 


The 
veen £n 


only 
eleme nts. 


edd in фе! 


Electronic Configuration 
of the d-Block Elements 


General electronic configuration of transition metals 
is(n- 1) d 9 5172, where n is the outermost shell 


which may have one or two electrons, whereas (n=) ” 


stands for the inner d-orbitals which may have one to 
ten electrons. 


Exception 

(i) All the Z-block elements however, are not transition 
elements, Last members of different series such as 
Zn, Cd and Hg has completely filled ¢-orbital 
(n— 1) d ns”. The orbitals in these elements are 
completely filled in the ground state as well as in 
their common oxidation states. These do not show 
any characteristic properties of transition elements 
except complex formation. Hence, these elements 
are not considered as transition elements. 

(ii) Some of the exceptions are observed in electronic 
configuration due to very little energy difference 
between (n — 1)d and ns orbitals such as 


Cr : 3d°, 4s! instead of 344,45" 
Cu: 349, 4s! instead of 34?,45? 
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This can Бе explained on the basis of electronic repulsion 
and energy exchange which proves that half-filled and 
completely filled d-orbital are more stable configuration. 
In the transition elements, the d-orbitals project to the 
periphery of an atom more than the other orbitals 

(i.e. sand p). Thus, they are more influenced by the 
surroundings as well as affecting the atoms or molecules 
surrounding them. 

In some respect, ions of a given d" configuration 

(n = 1- 9) have similar electronic and magnetic properties. 
With partly half-filled d-orbitals, these elements exhibit 
certain characteristic properties like display of various 
oxidation states, coloured ions formation and entering 
into complex formation with a variety of ligands. These 
elements also possess catalytic property and paramagnetic 
behaviour. 


Outer electronic configuration of 
"transition elements (Ground State) 


1st series 


Sc Ti $8 W^ br Mn Fe Co Ni Cu Zn 


Z 2 255923 24525. 26 27 28 29 з 
4566257 272 1 Ade Aoc EV MER 2 
“wi 2 3 5 5 6 8 10 10 
hui 2nd series m 
Y'''’Zr Nb Mo Tc Ru Rh Pd Ag Cd р 
7 | 39 40 41 42 43 44 45 46 47 48 
58.2101 52 « tent 1 1 i..08. 4... 
4d 1 9 - @ fBSunchBs Ze A + 0 10 - 10 


3rd series 


la Hf Ta W Re Os Ir Pt Au Hg 


7 7 m 73 74 m 16 m 18 m 80 
o 2.» жо guam Ak v 4 d ou. 
m 4 2. $ d. mh L9] D 1 
nat 4thseries ___ 
мо т Db Sg Bh Hs Mt Ds Rg Cn 
> вә 104 105 106 107 108 109 110 111 112 
o есй E ENERO 
ш aes x €* v T 5 Uu % 
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Lattice structures of transition metals i erg Stats es ТИ 


Sc Ti i су Mn Fe Co Ni Cu, |, ‹2п 

hep (bcc) hep (occ) bcc бос (оос, сор) Х(һоррф Бсср) cop. ibt- "60р. 1 CCP X (hep) 

Y 21 Nb Mo Tc Ru Rh Pd АШ 168 

hep (bcc) hep boc) bec ыс hep hcp сер 20 ЕР X (hep 

La Hf Ta w x Re Os Ir [ Pt _ AD но E 
ccp ccp ccp d NE. 


(bcc = body centred cubic, hcp = hexagonal close packed, ccp = cubic close packed, X = а typical metal structure) 


General Properties of the 
Transition Elements (d-Block) 


Physical Properties 
(i) Transition elements display typical metallic 

properties such as high tensile strength, ductility, 
malleability, high thermal and electrical conductivity 
and metallic lustre. With the exceptions of Zn, Cd, 
Hg and Мп, they have one or more typical metallic 
structures at normal temperatures. 

(ii) They are very much hard and have very low volatility 
except Zn, Cd and Hg. 

(iii) They have high melting and boiling points. The high 
melting point of these metals is due to the involvement of 
greater number of electrons from (л —1)d in addition to 
the ms-electrons in the interatomic metallic bonding. 

(iv) In any row, the melting points of these metals rise to 
a maximum at d’ and fall regularly with the increase 
in atomic number except Mn and Tc. 


Atomic number 
Trends in melting points of transition elements 


(v) They have high enthalpies of atomisation. 


Enthalpy of Atomisation | 
Energy required to convert metallic crystal into individy, 
atom is known as enthalpy of atomisation. The transition 
metals have high enthalpy of atomisation. It first 
increases, reaches to the maximum in the middle of each 
series and then decreases. 

It can be explained on the basis of strong interatomic 
interaction due to unpaired electrons. Greater the number 
of unpaired electrons, stronger is the resultant bonding. 
Enthalpy of atomisation is an important factor in 
determining the standard electrode potential of a metal, 
thus metals with high value of enthalpy of atomisation 
(i.e. very high boiling point) tend to be noble in their 
reactions. 3 


TRENDS IN ENTHALPIES OF ATOMISATION 
OF TRANSITION ELEMENTS 


Metals of second (4 d) and third (5d) series have high enthalpy 
of atomisation than the corresponding elements of first (30) 
series because of stronger metal-metal bond. This is an 
important factor in accounting for the occurrence of much 
more frequent metal-metal bonding in compounds of the 
heavy transition metals. 


М 


Atomic number —> 


Variation in Atomic and Ionic 
Sizes of Transition Metals 


Atomic/ionic size is expressed in terms of radii. Atomic an 
ionic radii decrease with increase in atomic number. , 
However, variation within a series is quite small. This 5 


yan d f-Block Elements 
E 


the new electron enters a d-orbital cach time the 
реду increases by unity. Due to poor shielding 
ucla rons, attractive forces increase between the 


n 
-dect i 
of d-t! d valence electrons and hence size decreases, 


nucleus an ' . . 
at the end of the series, size of elements 


es due to the increase in the magnitude of 
in ulsive forces between electrons. 
re ac . . 
Р g atomic sizes of one series with those of 


grin 
" corresponding elements of the other series, we 
obtained the following graph : 


Radius/(nm) 


— Sc Ti V Cr Mn Fe Co Ni Cu Zn 
Y Zr Nb Mo Tc Ru Rh Pd Ag Cd 
W Re Os Ir Pt Au Hg 


T La Hf Ta 
Trends in atomic radii of transition elements 


As it is clear from the above figure that there is an 
increase in the curve from the first (34 ) to the second 
(4d) series of the elements but the radii of the third 
(54) series are virtually the same as those of the 
corresponding second series members. The reason is 

the intervention of the 4 f-orbitals which must be 

filled before the 5d series of elements. The filling of 
4forbital before 5d-orbital results in a regular decrease 
in atomic radii called lanthanoid contraction (discussed 
later in this chapter). 


ie a result, density of transition metals increases from 
ekt to right in a period because atomic radius decreases 
and atomic mass increases. 


кое Lanthanoid contraction is a special characteristic of 
to E as they occupy the same position in periodic table. 
Similar ra к Contraction, the second and third d series exhibit 
et) e.g. Zr (160 pm) and Hf (159 pm) have similar 
and chemical properties. 


lonisation Enthalpies (IE) 


0 1 à " 
Sis Еу is generally high for each series of 
ic раа а due to increase in nuclear charge 

Shall size of а the filling of d-orbitals leading to 
OQisation ашы For a particular transition series, 
left to tight. Th ру increases generally on moving from 
чар of е relative difference of ionisation 

any two successive d-block elements of 
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рн period is much smaller than that of s-and p-block 


The explanation is that the variation in ionisation enthal 
within the d-block is small due to the screening effect idi 
attractive force acting together. The lower valence state is 
ionic and the higher valence state is covalent. lonisation 
enthalpy increases from left to right in a series, but 
irregularities are observed due to irregular trends in 
electronic configuration. 


First ionisation energy (IE), of 5d-elements are higher than 
those of the 3d and 4d-elements. This is due to greater 
effective nuclear charge acting on outer valence electrons 
because of the weak shielding of the nucleus by 

4 f-electrons. The ionisation energies of the 34 and 
Ád-elements are irregular. 


When the electron is ionised from any transition element, say 
from iron (Z = 26) of 34-series, the effective nuclear charge 
experienced by the 34-electrons is greatly enhanced over that 
of any 4s-electron. Thus, ionisation of two or more electrons 
from an atom ofa transition element will take place with the 
removal of s-electrons in preference to the d-electron. 


In 3d-series, first four members show little difference in 
values and last four are also fairly close. Zn shows quite high 
value due to extra stability of completely filled orbitals. 
There is a fall in ТЕ, from Cr to Mn and from Cu to Zn 
because after the removal of first electron, Cr and Cu 
acquire a stable configuration, і.е. d 5 and d". The high 
values of IE, for Cu, Ni and Zn explain why they show a 


-maximum oxidation state of +2. 


Oxidation States 
Transition metals show a great variety of oxidation stares in 
its compounds (variable valency) except the first and the last 
element. This is because of the fact that the difference in the 
energy of (n — 1) d-electrons and ns-electrons is low which 
implies that electrons from both energy levels can take part 
in bonding. 

Oxidation states of the first row transition metals 

(The most common ones are typed in bold) 


Mn Fe Co Ni Cu Zn 


42 42 42 +2 +2 +2 +2 Ми +2 


+3 +3 +3 _ 
+4 | +4 +4 +4 +4 | +4 _ an eme 

gr v RR 
н E “46 a a 
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For 3d-series In 34-series, all elements show + 2 oxidation 
state except Sc (Sc =+ 3). Oxidation states first increases 
from Sc to Mn due to increase in number of unpaired 
electrons and then decreases because pairing takes place. 
Fe and Ni show zero oxidation state in metal carbonyls. 


EXAMPLE |1 | What may be the stable oxidation state 
of the transition element with the following d-electron 
configuration in the ground state of their atoms : 


3d?, 3d°,3d® and за“? NCERT 


(i) In case of d-block elements upto 7 group, the maximum 
oxidation state =nselectrons+(n—1)d unpaired electrons. 


(ii) Minimum oxidation state is generally +2, but in scandium, it 
is +3. 
(iii) Write the outer shell configuration of the atoms having the 


| given configuration to find the stable oxidation states. 


| 


SoL Stable oxidation states : i 

3d? : Vanadium (General electronic configuration 32? 452): 
oxidation states +2, +3, +4 and +5. 

34? : Chromium (General electronic configuration 345451): 
oxidation states +3, +4 апа +6. 

34d? : Manganese (General electronic configuration 345452) : 
oxidation states +2, +4, +6, +7: 

3d? : Nickel (General electronic configuration 3495452): 
oxidation states + 2, +4. 

34% : Such configuration does not exist in ground state. 


Highest Number of Oxidation States 

The elements which give the greatest number of oxidation 
states occur in or near the middle of the series. 
e.g. Mn has oxidation states from + 2 to + 7. 
Stability of higher oxidation states increases in a group 
from top to bottom due to increase in the distance from the 
outermost shell, e.g. in group 6, Mo (VI) and W (VI) are 
found to be more stable than Cr (VI). That’s why, Cr (VI) 
in the form of dichromate is a strong oxidising agent, 
whereas MoO, and WO, are not. 

Variability of oxidation states of transition elements arises 
due to incomplete filling of Z-orbitals in such a way that 
their oxidation states differ from each other by unity, e.g. 
vi УШ yIV yV, On contrary, the variability of 
oxidation states of non-transition elements, where oxidation 
states normally differ by a unit of two. 

An interesting feature in the variability of oxidation states of 
4-block elements is noticed among the groups 4 through 10. 
Although, the lower oxidation states of p-block are favoured 
by the heavier members due to inert pair effect, the opposite 
is true in case of Z-block elements. 


! 


| All/z;one | CHEMISTRY Class 10h, 


The oxidation state of a metal in a solvent depends + 


+; 4 
the nature of the solvent, e.g. Си” is unstable in 


aqueous solution and undergo disproportionation 


reaction. 
Low oxidation states are found ifa complex compound 
has ligands capable of m-acceptor character 


and 6-bonding, e.g. Ni(CO) 4 and Fe(CO);, the 


oxidation state of nickel and iron is zero in the 


presence of CO as ligand. 


Trends in the M?*/M Standard Electrode 


Potentials 

Electrode potential depends upon the balance between 
the value of hy dration enthalpy and sum of the values 
of ionisation enthalpy and enthalpy of atomisation. 


If hydration enthalpy is less than the sum of ionisation 
energy and enthalpy of atomisation then the value of 


electrode potential. is positive while in reverse case the 
electrode potential has a negative value. 


o 
t 


potential/V 
о 


© 


Standard electrode 


Ti V Cr Mn Fe Co Ni Cu Zn 
r3 Observed values “Calculated values 
Observed and calculated values for the 


standard electrode potentials 
(M?*— M?) of the elements from Ti to 


The explanations are: 


(i) The values of E? across the series are less negative 
because of general increase in the sum of the first 
and second ionisation enthalpy. E^ for Mn and 
Zn аге more negative because of half-filled and 
fully filled orbitals. 

(ii) E^ for Ni is more negative due to the highest _ 
negative Д hyd Н .Copper is the only metal having 
positive value for E ° (the sum of enthalpies of 
sublimation and ionisation is not balanced by 
hydration enthalpy). This is the reason that it does 
not liberate H, gas from acids. It reacts only with 
the oxidising acids (HNO; and H5SO 4) which 


are reduced. 


y iod f-Block Elements 


pLE |2] The E (i* уму Value for copper is 


"АМ : 
go (40.34 v). What is the possible reason for 
posit NCERT Intext 
this? ` 


the factors on which E° value depends like ionisation 
hydration enthalpy and enthalpy of atomisation. 


sol Кїї in value for any metal depends on three factors: 
(i) А H (Enthalpy of atomisation); 
M(s)+ åH —9 M(g) 
(ii) АН (Enthalpy of ionisation); 
M(g) * 4H —9 M?*(g) 
(iii) Anya H (Hydration enthalpy); 
M'*(g) +Ay,aH (aq) —> M**(aq) 


Copper has high value of enthalpy of atomisation 
and low value of enthalpy of hydration. It means 
that A;H required is not compensated by the energy 
released. Therefore, Equi ic iS positive. 


Trends in M + | М Standard Electrode 


Potentials 

The low value of E^ for Sc reflects the 
stability of Sc?* which has a noble gas configuration. 
The highest value of E^ for Zn?* /Zn?* is due to 
the removal of an electron from the stable 41° 


configuration of Zn?^*. 


The comparatively high value of E? for Mn?* /Mn?* 
indicates the stability of Mn?* (4?), whereas 
comparatively low value for Fe indicates the extra 
stability of Fe^*. (4?). Similarly, the comparative low 
value for УЗ+ /V?* indicates the stability of V* 
(half-filled +, g level discussed in chapter 9). 


Trends in Stability of 
Higher Oxidation States ` 


os metals show their highest oxidation states 
z fluorine and oxygen because F and O are small in 
пе and the most electronegative elements. 3d transition 


metals form stable halides. 


The highest oxidation states are shown in TiX д, 
ides CrF;. While, + 7 oxidation state by Mn is 
=з in the compound МпО;Е. The ability of 
ther aa stabilise the highest oxidation state is due to 
ihe * er lattice enthalpy as in the case of СоЁз or 
T bond enthalpy, e.g. VF; and СгЕ с. 


3+ [$с?* 


е 


[41 


In low oxidation states, fluorine is unstable, e.g. 


VX2(X = СІ, Br or I). However, Cu (II) halides are known 
including CuF, except iodide. à; 


2Са?* +47 ——› Cul, +1, 


However, most of the Cu(I) compounds aré unstable in 
aqueous solution and undergo disproportionation. 


2Cu* (ag) —> Cu?” +Cu(s) 


The stability of Cu?* (aq) than Cu* (aq) is due to much 
more negative Др H ^ of Cu?* (aq) than Cu* , which 
compensates more for the IE, of Cu. 


Note | Disproportionation is a special type of redox reaction in which 
a species is simultaneously reduced and oxidised to form two 
different products. In disproportionation, same substance behaves as 
oxidising agent for one molecule and at the same time as reducing 
agent for another molecule. 

Formulae of halides of 3d-transition metals 


Oxidation 4 5 6 7 8 9 10 11 12 
number 


+6 CrF, 
+5 VF, CrF5 
+4 TX, VX, СіХ, 
+3 TX, VX3 Cm, MnF, FeX, CoF, 

+2 ТХ! VX, CrX, MnX, ЕеХ, Сох, NX, Сих» ZnX, 
+1 Сих" 


Key Х=ЕЭ1 X! = F> Br, X" = F2 CQ, Xx = Cla I 
Oxygen stabilises the highest oxidation state in the oxides 
more than fluorine (highest fluoride of Mn is MnF, 
whereas highest oxide is Mn,O,) due to the ability of 
oxygen to form multiple bonds with the metal atoms, e.g. 
in the covalent oxide Mn ,O;, each Mn is tetrahedrally 
surrounded by oxygen including a Mn—O—Mn bridge. 


O O 
| | 


MnF, 


Mn Mn 
Wl Ol o 

O О 
Beyond group 7, no higher oxides of Fe above Ее„О; are 
known, although ferrates (V I) (FeO 4) are formed in 
alkaline medium but they readily decompose to Fe; О; and 
O,. Besides the oxides, oxocations stabilise VVas V О , 
VIV as VO?* and Ti™ as TiO”. 
Note Highest oxidation state of manganese is +7, exhibited in stable 
compounds. Although osmium is the element with highest oxidation 
state in periodic table which is +8. 
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The tetrahedral [МО , ]"- ions are known for VY, Cr "!, Mn, Mn" and Mn 


Groups containing oxides of 3d-transition metals — — » T^ 


Oxidation 
number 
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VII 


— == i | — 


8 | 9 | 10 11 12 


+7 


*Mixed oxides 


Chemical Reactivity and E? Values 

The transition metals show wide variations in their 
chemical reactivity. Most of them are sufficiently 
electropositive to dissolve in mineral acids. Some of them 
are noble and are not affected by single acids. 

The metals of first transition series (with the exception of 
copper) are relatively more reactive and are oxidised by 

1 МН“, however the actual rate of reaction of these 
metals with oxidising agents like hydrogen ion (Н+) is 
sometime slow, e.g. Ti and V are passive to dilute 
non-oxidising acids at room temperature. 

The E^ values for M?* / M indicate a decreasing 
tendency to form divalent cations across the series. The 
general trend towards less negative E^ values is related to 
the increase in the sum of the first and second ionisation 
enthalpies. 

The E° values for Mn, Ni and Zn are more negative 
than expected from the general trend. It is due to the 
stabilities of half-filled d-subshell (2?) in Mn?* and 
completely filled Z-subshell (419) in zinc. It explains their 
tendencies to form stable divalent ions. For Ni^*, the 
more negative E^ value than expected is due to its 
highest negative enthalpy of hydration. 

The E° values for М?* / M?* shows that Mn?* and 
Co?* ions are strong oxidising agents in aqueous 
solutions due to high positive £^ values. Ti2*, 

V?* and Cr?* ions are strong reducing agents and will 
therefore liberate H5 from a dilute acid. 


e.g. 2Cr^* (ag) + 2H* (ад) — 2Cr” (aq) +H, (g) 


ZnO 


Magnetic Properties 

On applying a magnetic field to substances, two types of 
magnetic behaviour are observed as diamagnetism and 
paramagnetism. The former substances are repelled by 
applied field whereas the latter ones are slightly attracted, 
Transition metals have one or more unpaired electron. 
So, they are paramagnetic in nature. 

Paramagnetism arises due to the rotation of electron (spin 
motion) around the axis and revolution around the 
nucleus (orbital motion) as the number of unpaired 
electrons increases, paramagnetism increases. 

Those transition elements which have paired electrons ат 
diamagnetic. А paramagnetic substance is characterised 
by its magnetic moment which is calculated by 'spin 
only' formula, i.e. 


И = Az (n2) BM 


where, z is the number of unpaired electrons and BM is Вох 
Magneton, the unit of magnetic moment. 


A single unpaired electron has magnetic moment 


uL = 1х (1+ 2) 
= 1.73 ВМ 


Magnetic moment increases with the increasing numbef 
of unpaired electrons. Substances which are attracted vè 
strongly by a magnetic field and their domains are 
aligned in one direction are called ferromagnetic 
substances, e.g. Fe, Co, Ni. In fact, ferromagnetism i5 an 
extreme form of paramagnetism. 


g-and f-Block Elements 


EXAMPLE |3| Calculate the magnetic moment of a 
divalent ion in aqueous solution, [Fe(H,0),]°*, 
if atomic number of Fe is 26. 
Sol. Magnetic moment (и) = nin 2) BM 
Atom number of Fe = 26=[Ar]3d°4s? | 
Fé?* =[Аг]34%5° = ШИШИЙ 
So M = (п+2) = JA(4 +2) = V24 = 4.89 BM 


Formation of Coloured Ions 


When an electron from a lower energy d-orbital is 
excited to a higher energy d-orbital, the energy of 
excitation corresponds to the frequency of light absorbed. 
This frequency generally lies in the visible region. 

The colour observed corresponds to the complementary 
colour of the light absorbed. The frequency of light 
absorbed is determined by the nature of the ligand. 
Thus, most of the compounds of transition metals are 
coloured due to 4-4 transition. Transition metal ions 
having 2 configuration are colourless. 

When ligand has free electrons, the transfer of electron 
from anion to cation takes place. In this case, energy is 
absorbed during this process which is responsible for 
colour. 

Note Few compounds in which transition metal has d? configuration, 
may also exhibit colour due to charge transfer. e.g. CrO} has 0° 
configuration of Cr and shows orange colour due to charge transfer. 


Formation of Complex Compounds 


Complex compounds are those compounds in which 
the metal ions bind a number of anions or neutral 


molecules, giving characteristic properties to the 
complexes, 


Transition metals form a large variety of complex 
compounds, e.g. [Ее(СМ№) с Is [Fe(CN) с p »[PrCl, ÉT 
and [Cu(NH,) , ?* , etc. 


Es. transition metals form a large number of complex 

сараа due to the comparatively smaller size of the 

d. trou their high charge density and vacant 
-orbitals for bond formation. 


Catalytic Properties 


T transition metals and their compounds are used as 
a dE ced activity is due to their ability to 
tansition A E ation states and to form complexes. 
Sometimes for $ ecause of their variable valencies 
Provide 4 кай, е intermediate compounds and 
"action, e E VO with lower activation energy for the 
'& * 20s (contact process), finely divided iron 
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(in Haber’s process) and nickel (in catalytic 
hydrogenation), 

Catalysts at a solid surface involve the bond formation 
between reactant molecules and atoms of the surface of 
catalyst. VO; catalyses the oxidation of SO, to SO, 
(contact process). . 

During conversion of SO, to SO3, V20; absorbs SO, 
molecules on its surface and gives oxygen to it to form 
SO, and V5O,. VO, then reacts with oxygen to form 
У,О;. Similarly, iron (Ш) catalyses the reaction between 
iodide and persulphate ions. 


2° +'5,0F EO p р сүн, 


Thus, catalytic action of iron (III) in this reaction is 
explained as follows: 

2Ее5* + 217 —» 2Ее2* 4 I, 

2Fe^* + SO? —> 2Fe** +250} 

Thus, Fe?* oxidises I~ ions to iodine. 
In some cases, transition metals provide a suitable surface 
for the reaction to take place. The reactants are adsorbed 
on the surface of the catalyst. This weakens the bonds 
between atoms in the reactant molecules. 


Formation of Interstitial Compounds 
Interstitial compounds are those which are formed when 
small atoms such as H, C, N etc. are trapped inside the 
crystal lattices of metals. 

They are generally non-stoichiometric and are neither 
typically ionic nor covalent, e.g. Мп 4№, TiC, Fe,H, 
TiH, 7, VHo56> etc. 

The formulas quoted do not correspond to any normal 
oxidation state of the metal. These compounds are hard 
(some borides approach diamond in hardness), chemically 
inert, metallic conductor and have high melting point 
than those of pure metals. 


Alloy Formation 

An alloy is a blend of metals prepared by mixing the 
components. An alloy is a homogeneous solid solution. 
Atoms of transition metal due to similar sizes, can easily 
take place in the crystal lattice of another metal in the 
molten state and are miscible with each other forming 
alloys. Alloys are generally hard, resistant to corrosion and 
have high melting point. 

Ferrous alloys (with Cr, V, W, Mo and Mn), form 
varieties of steel, which are best of the class. Brass (Cu-Zn) 
and bronze (Cu-Sn) are the alloys of transition metals and 
have considerable industrial importance. 


Note Alloys of mercury with metals are known as amalgams. 


TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


l. Electronic configuration of a transition 
element X in +3 oxidation state is [Ar]3d°. What 


is its atomic number? NCERT Exemplar 
(a) 25 (b) 26 ы 
(с) 27 (d) 24 


2. The electronic configuration of Cu(II) is 3d° 
whereas that of Cu(I) is 3419. Which of the 
following is correct? NCERT Exemplar 
(a) Cu(II) is more stable 
(b) Cuf) is less stable 
(c) Cu(I) and Cu(II) are equally stable 
(d) Stability of Cu(I) and Cu(II) depends on nature of 

copper salts 


3. Metallic radii of some transition elements are 
given below. Which of these elements will have 
highest density? 

Fe | Co | Ni 


Element 
Metallic radii/pm 126 | 125 | 125 


. NCERT Exemplar, 


(a) Fe (b) Ni (c) Co (d) Cu. 
4. Which of the following is the reason for zinc. 
not exhibiting variable oxidation state? d М 
(a) Inert pair effect CBSE SQP 2021 
(b) Completely filled 3d-subshell T 
(c) Completely filled 4s-subshell ed oft 
(d) Common ion effect : | 
5. Which of the following statement is not: 
correct? NCERT Exemplar 
(a) Copper liberates hydrogen from acids : К 
(b) In its higher oxidation states, manganese forms 
stable compounds with oxygen and fluorine © 
(с) Mn?' and Co” are oxidising agents in aqueous 
solution 
(d) Ti? and Cr” are reducing agents in aqueous solution 


6. Highest oxidation state of manganese in 
fluoride is +4 (MnF,) but highest oxidation 
state in oxides is +7(Mn,0;) because 

NCERT Exemplar 
(a) fluorine is more electronegative than oxygen 
(b) fluorine does not possess d orbitals 
(c) fluorine stabilises lower oxidation state 
(d) in covalent compounds, fluorine can form single 
bond only while oxygen forms double bond 


10. 


Which of the following is a diamagnetic ion (atomi, 
numbers of Sc, V, Mn and Cu are 21, 23, 25 and 29 


respectively) CBSE SQP 202] 
(a) У?* (b) Sc** 
(c) Cu?* (9) Mn?* 


The magnetic nature of elements depends on the 
presence of unpaired electrons. Identify the 
configuration of transition element, which shows 


highest magnetic moment. NCERT Exemplar 
(a) 347 (b) 3d? 
(c) 3d? (d) 3d? 


Which set of ions exhibit specific colours ? (Atomic 
number of Sc = 21, Ті = 22, V = 23, Mn = 25, Fe = 26, Ni 
-28,Cu-29 and Zn = 30) CBSE SQP 2021 
(а) Sc?*, Ti^*, Mn?* (b) Sc?*, Zn?*, Ni?* 
(c) ver, yet. Fe?* (d) Tit pt. Ni?* 


Interstitial compounds are formed when small 
atoms are trapped inside the crystal lattice of metals. 
Which of the following is not the characteristic 
property of interstitial compounds? 
All India 2020, NCERT Exemplar 

(a) They have high melting points in comparison to pure 

metals 
(b) They are very hard 
(c) They retain metallic conductivity 
(d) The are chemically very reactive 


VERY SHORT ANSWER Type Questions 


It. 
12. 
13. 
14. 


15. 


16. 


Write down the general electronic configuration of 
transition elements. 


Transition metals and their compounds show 
catalytic activities. Delhi 2020 
Silver atom has completely filled d-orbitals (44'9) in 
its ground state. How can you say that it is a 
transition element? NCERT Intext 
In the series Sc (Z = 21) to Zn(Z = 30), the enthalpy 


of atomisation of zinc is lowest, i.e. 126 kJ mol . 
Why? NCERT Intext 


Which transition metal of the 3d-series exhibits the 
largest number of oxidation states and why? 
NCERT Intext, All India 2014 


The second and third rows of transition elements 
resemble each other much more than they 
resemble the first row, Why? NCERT Exempla 


d-and f-Block Elements 


(7. Zn. Cd and Hg are soft and have low melting 
point. Delhi 2020 

4g. The Ем?» pat value of copper is positive (+ 0.34 V). 
what is the possible reason for this? All India 2012 


ог Which transition metal of the 3d-series has 


Ae 9 value and 
positive E M?* JM why? All India 2014 


{9. Whyare Mn” compounds more stable than Fe?* 
towards oxidation to their +3 state? NCERT 


20. Why is the highest oxidation state of a metal 
exhibited in its oxide or fluoride only? 
NCERT Intext 


SHORT ANSWER Type I Questions 


71, What are the transition elements? Write the two 
characteristics of the transition elements. 
Delhi 2015 


22. Name the two transition elements which have 
abnormal electronic configuration and why? 


23. Write down the electronic configuration of 
(i) C^* | (ii) Си (ii) Co?^* (iv) Mn? | NCERT 


24. Explain the following observations: | 
(i) Copper atom has completely filled d-orbitals 
(3410) іп its ground state, yet it is regarded as 
atransition element. 
(ii) Cr?* is a stronger reducing agent than Fe?* in 
aqueous solutions. 
Delhi 2020, All India 2020, 2017 C 


25. Explain, why density of transition elements 
increases from left to right in a period? 


26. Name the oxometal anions of the first series of 
the transition metals in which the metal exhibits 
the oxidation state equal to its group number. 

..NCERT 

27. Explain briefly how +2 state becomes more and 
more stable in the first half of the first row 
transition elements with increasing atomic 


number? ' NCERT 
Or Compare the stability of + 2 oxidation state for 
the elements of the first transition series. NCERT 


28, Explain, why oxidation states of transition 


elements first increases from Sc to Mn and then 
: decreases? 
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29. Which metal in th 


€ first serje 
exhibit + f oxidat} 8 of transition metals 


Meis on state most frequently and 
Delhi 2013; NCERT 

Why Е° values for Mn, NI and Zn are more 

negative than expected? NCERT Exemplar 


n metals, the E? values 


30 


3f. 


For the first row transitio 
are given below: 


—— OO ___ 
Elements V C Mn Fe Co Ni Cu 


> : a 
Конг» м -1.18 -091 -1.18 -0.44 -028 -025 4034 


Explain the irregularity in the above values. 


All India 2013 
32. Explain why Cu* ion is not stable in aqueous 
solution? NCERT Intext 


Or Explain why Cu (I) ion is not known in aqueous 
solution? All India 2020, 2013 


33. 


Calculate the ‘spin only' magnetic moment of 

M” (aq) ion. (2 = 27) NCERT Intext 
Predict which of the following will be coloured in 
aqueous solution? 

Ti**, V+, Cut, Sc?*, Мп2* Fe?* and Co?*. Give 
reasons for each. NCERT; Delhi 2013 


SHORT ANSWER Type II Questions 


35. Calculate the number of unpaired electrons in the 
following gaseous ions Mn?*, Сг2*, V3" and Ti’. 
Which one of these is the most stable in aqueous 
solution? NCERT 


34 


36. The halides of transition elements become more 
covalent with increasing oxidation state of the 


metal. Why? NCERT Exemplar 
37. 


Why do transition elements show variable 
oxidation states? 

(i) Name the element showing maximum number 
of oxidation states among the first series of 
transition metals from Sc (Z = 21) to Zn 
(Z - 30) 

(ii) Name the element which shows only +3 
oxidation state. All India 2013 


38. Ni?' is more stable than Pt^* but the trend is 
reverse where Pt‘tis more stable than Ni**. 


Explain. 


39. Give reasons for the following. 
(i) Мп?* is a good oxidising agent. All India 2020 
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ee о 
(ii) Ege yu Values are not regular for first row of 


transition metals (3d-series). 
(iii) Although F is more electronegative than O, 
the highest fluoride of Mn is MnF,, whereas 
the highest oxide is Mn;O;. All India 2013 
10. How would you account for the following? 

(i) Of the d“ species, Cr?* is strongly reducing 
agent while manganese (III) is strongly 
oxidising agent. 

(ii) Cobalt (II) is stable in aqueous solution but in 
the presence of complexing reagents, it is 
easily oxidised. 

(iii) The d! configuration is very unstable in ions. 

| NCERT 

41. Observed and calculated values for the standard 
electrode potentials of elements from Ti to Zn in 
the first reactivity series are depicted in 
figure (Refer to page 140): CBSE SQP 2021 
Explain the following observations : 
(i) The general trend towards less negative E° 
values across the series. 

(ii) The unique behaviour of copper. 

(iii) More negative E? values of Mn and Zn. 


42. Give reasons: 
(a) E° value for Mn?* /Mn?* couple is much more 
positive than that for Fe?* /Fe?*. i 
(b) Iron has higher enthalpy of atomisation than 
that of copper. i 
(с) Sc** is colourless in aqueous solution 
whereas Ti? * is colured. CBSE 2018 


43. Account for the following. 
(i) Ti(IV) is more stable than the Ti (II) or Ti(III). 
(ii) In case of transition elements, ions of the 
same charge in a given series show 
progressive decrease in radius with 
increasing atomic number. 
(iii) Zinc is comparatively a soft metal, iron and 
chromium are typically hard.CBSE SQP (Term II) 
(i) Why are fluorides of transition metals 
more stable in their higher oxidation state 
as compared to the lower oxidation 
state? CBSE SQP (Term II) 


(ii). Which one of the following would feel 


44. 


attraction when placed in magnetic field Co?*, 


Ag*, Ti** and Zn?*? 


(iii). It has been observed that first ionisation 
energy of 5d-series of transition elements are 
higher than that of 3d and 4d series, 


explain why? 
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Or Onthe basis of the figure given below, answe 
the following questions: т 


M.Pt 10'K — 


Atomic number ———» 


(i) Why manganese has lower melting point 

than chromium? ~ 

(ii) Why do transition metals of 3d-series haye 
lower melting point as compared to 
4d-series? 

(iii) In the third transition series, identify and 
name the metal with the highest melting 
point. 


LONG ANSWER Type Questions 


45.: What are the characteristics of the transition 
elements and why are they called transition 
elements? Which of the d-block elements may not 
be regarded as the transition elements? NCERT 


46. Explain giving reasons. 
(i) The enthalpies of atomisation of the 
transition metals are high. 


(ii) Transition metals and many of their 
compounds show paramagnetic behaviour. 


(iii) The transition metals generally form 
coloured compounds. 
(iv) Transition metals and their many compounds 
act as good catalyst. NCERT; Delhi 2013 
Compare the general characteristics of the first 
series of the transition metals with those of the 
second and third series metals in the respective 
vertical columns. Give special emphasis on the 
following points. 
(i) Electronic configuration 
(ii) Oxidation states 
(iii) Ionisation enthalpies 
(iv) Atomic size 
Comment on the statement that elements of the 
first transition series possess many properties 
different from those of heavier transition 1 
elements. NCER 


47 


NCERT 
48 


d f-Block Elements 


PE 


sat can be inferred from the magnetic mom 
4 values of the following complex species? 


ee Fe ee 
Examples Magnetic moment (ВМ) 


кумы 2 
|[Fe(H,Ol6)”* 29 


NCERT 


ent 50, Write down the number 
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the following | А Я 3d-electron in each of 
owing ons; Ti r V * Cr+ 2 у ё 
Co?', Ni? and Cu”, П Мп Р Fe? Р Ее? , 


Indicate how would you expect the five 


3d-orbitals to be occupied for these hydrated ions 
(octahedral)? NCERT 


HINTS AND EXPLANATIONS | 


з, (b) Electronic configuration of X ?* is [Ат]за5 


It repersents the total number of electrons and oxidation 


state. . M: 
Therefore, atomic number of X 218 +5 +3= 26 


Hence, option (b) is correct. 


2. (а) Cu(II) is more stable than Cu(T). 
As itis known that, Cu(I) has 3d” stable configuration 
while Cu(II) has 34° configuration. 
But Cu(II) is more stable due to greater effective nuclear 
charge of Cu(II) i.e., it hold 17 electrons instead of 18 in 
Cu(I). 


3. (d) On moving left to right along period, metallic radius 
decreases while atomic mass increases. Decrease in 
metallic radius coupled with increase in atomic mass 
results in increase in density of metal. 


Hence, among the given four choices Cu belongs to right 


side of Periodic Table in transition metal, and it has 
highest density (89 g/cm?). 


4. (b) Zinc does not exhibit variable oxidation state due to 
the completely filled 3d-subshell. 


The orbitals in these elements are completely filled in 


the ground state as well as in their oxidation state. These 


do not show any characteristic properties of transition 
elements except complex formation. 


5. (a) Copper lies below hydrogen in the electrochemical 
Series and hence does not liberate H» from acids. 
Therefore, option (a) is not correct. 


Other three options (b, c, d) are correct. 


6. (a) Highest oxidation state of manganese in fluoride is 
+4 (MnF,) but highest oxidation state in oxides is 
20,). 
"s Teason is that in covalent compounds fluorine can 
orm single bond while oxygen forms double bond. 


7. CUN 
(b) = б 15 a diamagnetic ion whereas V?*. Cu?* and 


belo аге paramagnetic in nature. These are shown 
W: 


ы e NER RETE RDCRE ЧА 
lon Electronic Unpaired Nature 
configuration electrons 


Sc? 30° 0 Diamagnetic 
ve 3a? 3 Paramagnetic 
cv 3g? 1 Paramagnetic І 
Мп... За“ 4 Paramagnetic 


8. (b) Greater the number of unpaired electron, higher will be 
its value of magnetic moment. 
Since, 34° has 5 unpaired electrons hence highest magnetic 
moment. | 


u = 455 + 2) = /35 =595BM 


9. (c) V°*, V?* and Fe?* exhibit colours due to d-d transition. 
Transition metal ion having d° and d" configuration are 
colourless as d- d transition is not possible. 

V?* (342) — Green 
V?* (3 d?) — Violet 
Fe?* (3 d$) —> Green 


10. (d)Interstitial compounds are formed when small atoms 
are trapped inside the crystal lattice of metals. 
Some of their important characteristics are as follows 
(i) They are very hard and rigid. 
(ii) They have high melting point which are higher than 
those of the pure metals. 
(iii) They show conductivity like that of the pure metal. 
(iv) They acquire chemical inertness. 
11. (n-1) d ns? 
12. Refer to page 143 (Catalytic properties). 
13. Silver in its + 1 oxidation state, exhibits 4d"? 55° 
configuration. But in some compounds, it also shows 


42 oxidation state, so the configuration becomes 44? 55°. 
Here, d-orbital is not completely. filled. Therefore, silver is 


a transition element. 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 
22. 
23. 


24. 


25. 


26. 


Zinc has stable ground state due to its completely filled 
d-orbitals. It therefore, has least tendency to form 
metallic bonds, in the series, thus requires least 
enthalpy of atomisation to get atomised. 

Manganese shows maximum number of oxidation states 
(ЕС :34°, 4s), i.e. +2 +3 +4, +5, +6 4 7 in its 


compounds due to maximum number of unpaired 
electrons. 


Due to lanthanoid contraction, the atomic radii of the 
second and third rows of transition elements is almost 
same. So, they resemble each other much more as 


compared to first row elements and show similar 
characteristics. 


Zn, Cd and Hg are generally soft and have low melting 
point because all the electrons in their d-orbital are 
paired. Hence, the metallic bonds which are present in 
them are weak. 


o . age 
Е м 2+ ум Value of copper is positive as value of 


hydration enthalpy is less than the sum of values of 
ionisation enthalpy and enthalpy of ionisation. 


Mn?* compounds are more stable due to half-filled 
d-orbitals. Fe^* compounds are comparatively less stable 
as they have six electrons in their orbitals. 


So, they tend to lose one electron from Fe?* and get 
stable 3d°configuration. 


Oxygen and fluorine both have small size and high 
value of electronegativity. So, they can oxidise the 
metal to their highest oxidation states. 


Refer to text on pages 136 and 137. 

Hint Cu and Cr Refer to text on page 137. 

Electronic configuration of the given ions are : 

(i) Cr?*(Z = 24) 21s? 2s? 2p$ 3s*3p 3d? 
Here, 1s? 252 2p* 3523р refers to the electronic 
configuration of [Аг], thus electronic 
configuration of Сг?* can be written as: 
Сг?* = [Ar] 34°. 
For (ii), (iii) and (iv) Refer to table on page 136, 

(i) Because it has incompletely filled d-orbitals in one of 
its oxidation states i.e. Cu** ([Аг]за?). 

(ii) Cr^*([Ar] 3d*) changes to Cr^* ([Ar] 3d?) while Fe?* 
([Ar]34*) changes to Fe** ([Аг] 34). 
In aqueous medium, the configuration [Ar] 3d is 


more stable than the configuration [Ar] 3. Hence, 
Сг?* is a stronger reducing agent. 


While going from left to right in a period, the radii of 
transition metals remains similar but their atomic 
masses increases gradually. As a result their density 
increases correspondingly. 


[ScO;] : Group number = Oxidation state of Sc= 3 
[TiO]: Group number = Oxidation state of Ti= 4 
[УО] : Group number = Oxidation state of V= 5 
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[250]: Group number = Oxidation state of Cr= 6 
[CrO,]*": Group number = Oxidation state of Cr= 6 
[MnO,] : Group number = Oxidation state of Mn = 7 


Elements (+ 2 state) „5с2*,,, Ti?*,.,V7*, 94 Сг?* and 

2; Mn?* have more stable +2 oxidation state and the Outer 
electronic configuration are 3d',3d?,3d°,3d* and 34^, 
respectively. In all the elements listed, the removal of two 
4s electrons (in Cr?*, 1e^ from 4s and1e^ from 3d), the 
3d-orbitals get gradually occupied. Since, the number of 
empty d-orbitals decreases or the number of unpaired 
electrons in 3d-orbitals increases with increase in atomic 
number of cations, so the stability of the cations (M?* 
increases from Sc?* to Мп?“ 


The use of 3d electron for formation of bond increases 
from Sc to Mn, causing the increase in oxidation state up 
to *7. The reason for Mn having highest oxidation state of 
+7 is due to the presence of 7 unpaired electrons in its 
atom. As the number of unpaired electrons decreases from 
Fe to Cu so there is the decrease in oxidation state. 
Electronic configuration of Cu is [Ar] 3d!?4s! When 
copper atom loses 1 electron, it exhibits + 1 oxidation state 
and forms Cu* ion with stable 34!? configuration. So, 
copper metal in the first transition series tends to have +1 
oxidation state to achieve a stable configuration. 
Negative values of Мп?* and Zn?* are related to stabilities 
of half-filled and completely filled configuration 
respectively. But for Ni?*, E? value is related to the 
highest negative enthalpy of hydration. 

Hence, E? values of Mn, Ni and Zn are more negative than 
expected. 


It is due to irregular variation of sublimation enthalpies and 
ionisation enthalpies for elements of 3d transition series. 


In aqueous solution, copper (I) undergoes 
disproportionation reaction. 


2Cu* (aq) —9 Cu?* + Cu(s) 


' The highest stability of Cu?* ion in aqueous solution is due 


to negative enthalpy of hydration. 

Hence, Cu* is not known (or unstable) in aqueous solution. 
Н = 3.87 BM 

[Same method as example 3 оп page 143.] 


Hint Ions having d? configuration are colourless. 
Refer to text on page 143. 


Мп? (Z = 25) = [Ar]3d* [T] 11111] 
Сг?* (2 = 24) = (Аза? [TIT] T | 
У? (2 = 23) = [Аза [ЇГЇТ | T | 
T?* (2 = 22) = [4134 ПЦ 


Cr^* is the most stable among these in aqueous solution 
because it has half-filled t;, level (= t2,) 


This problem is based on the concept of Fajans' rule. As 
the oxidation state increases, size of the ion of transitio” 
element decreases. As per Fajans’ rule, when the size of 


4 and f-Block Elements 


metal ion decreases, covalent character of the bond 
formed increases. 
Therefore, the halide of transition elements become 


more covalent with increasing oxidation state of the 
metal. 


3 ty of utilising single or multiple 4s and 3d 


theirabili 
electrons. 


(i) Mn (manganese) shows the maximum number of _ 


oxidation states. 
(ii) Scandium shows only +3 oxidation state 


8. Ni^* compounds have the sum of first two ionisation 


3 
enthalpies to be lower than that of Pc?* compounds and 
are thermodynamically stable. However, the sum of first 


four IEs of Pc** is lower than that of first four IEs of 
М and is relatively stable. зўе 
739, (i) Mn?* /Mn?* has large positive E? value. Hence, 


Mn?* can be easily reduced to Mn?* because Mn** 
has half-filled electronic configuration, so it is stable 


and Мп?* is least stable. Therefore, it is a good 
oxidising agent. 


(ii) There is decreasing negative electrode potentials of 
M**/M in the first transition series due to increase 


in the sum of IE, and IE. It shows that in general, 
the stability of +2 oxidation state decreases from left 


to right. Exceptions are Mn and Zn in which the 
greater stability of +2 state for Mn is due to 
half-filled d-subshell (d?) in Mn?* and that of Zn is 
due to completely filled d-subshell (2^) in Zn”. 


(iii) It is because oxygen can form multiple bonds, 
whereas fluorine can only form single bonds with 


metals. 

40. (i) E? value of Ст?*/Ст?* is negative (= 0.41 V) while 
that of Mn?* / Mn?* is positive (4- 1.57 V). This 
means that Cr?* ions can lose electrons to form 
Сг* ions and acts as a reducing agent while Mn d 
1ons can accept electrons and can act as an 

__ oxidising agent. 

(i) Cobalt (Ш) ion has greater tendency to form 
complexes 
than cobalt (П) ion. Therefore, Co (II) ion being 
Stable in 
aqueous solution, changes to Co (Ш) ion in the 

(i Presence of complexing reagents and gets oxidised. 
и of transition metals with 4! configuration tend 

x lose one electron to acquire d^ configuration that 

E е stable. Therefore, such ions (with d') 

he €rgo either oxidation or disproportionation, 

€nce unstable. 


5 

b. к the first and second ionisation enthalpies. 

ае energy to transform Cu(s) to Cu** (aq) is 
anced by its hydration enthalpy. 


(ii) 


Transition elements show variable oxidation state due to 


(ii) In case of transition 


Th 
ый general trend towards less negative E? V values 
55 the series is related to the general increase in the 
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Most of Cu (I) compound are unstable in aqueous 
solution and undergo disproportionation. 
2Cu*—> Cu? + Cu 
(iii) The stability of the half-filled d-subshell ín Mn?* and 


the completely filled d'° configuration ín Zn?* are 
related to their more negative E?V values. 


42. (a) Mn?* compounds are more stable due to half-filled 


d-orbitals. Fe^*compounds are comparatively less 
stable as they have six electrons їп their orbitals. So, 
they tend to lose one electron from Fe** and get stable 
3d°-configuration in Fe?*, 

Therefore, comparatively high positive value of E? 
for Mn?*/ Mn? indicates the stability of Mn?*(d?) 
Whereas comparatively low value for Fe?* / Fe?* 
indicates the extra stability of Fe?* (d?). 

(b) Energy required to convert metallic crystal into 

individual atom is enthalpy of atomisation. In 
transition row elements it first increases and reaches 
to maximum upto middle element and then decreases. 
This is because of strong inter atomic interaction due 
to unpaired electron. 
Greater the number of unpaired electron, stronger will 
be bonding and thus enthalpy of atomisation will also 
be more. Since iron has more unpaired electron than 
copper therefore its enthalpy of atomisation is more. 

(c) The metal ions with partially or incomplete 
filled d-orbitals will be coloured in aqueous 
solution. While the metal ions having either empty 
or completely filled d-orbitals are colourless. 

The colour will be due to d-d transition of electrons. 
Thus, the outer electronic configuration of metal ions 
аге Seite 349°, Tp 34! 

Hence, among the given ions, Ті?* will exhibit colour in 
aqueous solution while Sc?* will be colourless. 


43. (i) Electronic configuration of Ti: [Агр4°45° 


Electronic configuration of Ti" is [Ar]. It is stable noble 


gas configuration. | 
Electronic configuration of Ti^* [Ar]3d° 


Electronic configuration of Ti?* : [Ar]34! 


As Ti” acquires nearest noble gas configuration on , 
loss of 4 electrons, thus it is more stable than the ТГ” 


and Ti”. 
elements, ions of the same 


charge in a given series show progressive decrease in 


radius with increasing atomic number. 

As with increase in atomic number, the new electron 
enters in d-orbitals and expected to increase in 
atomic size, but due to poor shielding effect of 

d- orbitals, the electrostatic attraction between 


nucleus and outermost orbital increases and hence, 


the ionic radii decreases. 


(iii) Zine is a soft metal as compared to iron and 


chromium because it has low enthalpy of atomisation 
(due to the absence of unpaired electron), whereas, 
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ігоп and chromium have high enthalpy of 
atomisation (due to the presence of unpaired 
electrons), which account for their hardness. 


Since, fluorine has smaller atomic size and higher 
electronegativity, therefore, it oxidises the metal to 
their higher oxidation state (due to higher lattice 
energy). 

(ii) Electronic configuration of Co?* : [Аг]за? 


= ШИ] 
347 


It has three unpaired electrons. 
Electronic configuration of Ag* : [Kr]4d!?5s? 


It does not have any unpaired electron. 
Electronic configuration of Ti** : [Ar] 
Unpaired electron is absent. 

Electronic configuration of Zn** : [Kr] 


Unpaired electron is absent. 

Thus, since unpaired electron is present only in 
Co**, it is paramagnetic in nature, hence Co?* ion 
would be attracted to magnetic field. 

(iii) .First ionisation energy of 5d-series of transition 
elements are higher than that of 3d and 4d-series 
because 5d-series have intervening 4 f-orbitals. 
There is greater effective nuclear charge acting on 
outer valence electrons due to the weak shielding 
by 4 f-electrons. 

Therefore, large amount of energy is required to 
remove the outer electron in this case as compared 
to 3d and 4 d-series. 

Or . 

(i) Manganese has lower melting point as compared 
to chromium because it has d? configuration, i.e. 
half-filled orbital. 

It has highest unpaired electrons. These electrons 
are very less delocalised and can not help in 
effective metallic bonding. 

(ii) There is less frequent metal-metal bonding in 
compounds of the 3d-transition metal which is the 
main reason for its low melting point. 

Heavy transition metal (i.e. 4d and 5d-series) 
show more frequent metal-metal bond in their 
compounds. 
(ш) Tungsten. 
45. Refer to text on pages 136 and 137. 


46. (i) Refer to text on page 138. 
(ii) Refer to text on page 142. 
(iii) Refer to text on page 143. 
(iv) Refer to text on page 143. 


44. (i) 


47. 


48. 
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(i) Electronic configuration The elements in the Sam 
vertical column generally have similar electronic © 
configuration. Although, the first series has only tw, 
exceptions, 

Cr =34° 4s! and Cu = 34 ^45! 
Second transition series have five exceptions, 
Mo -4d?5s , Nb = 44*55', 
| Rh =4d°5s', Pd =4d'°5s°, Ag =44'95;! 
Third transition series has three exceptions, 
W -4f*5d*6s?, Pt=4 f'45d%6s' 
Au = 4 f'45d"6s! 
(ii) Oxidation states Refer to text on pages 287 and 288. 
(iii) Ionisation enthalpies The first ionisation enthalpy 
in each series generally increase gradually as we move 
from left to right. Though some exceptions are 
observed in each series. 
The first ionisation enthalpies of some elements in the 
second (4d ) series are higher, while some of them have 
lower value than the elements of 3d-series in the same 
vertical column. 
Atomic size Generally, ions of the same charge or 


atoms in a given series show progressive decrease in 
radius with increasing atomic number though the ` 


decrease is quite small. 

But the size of the atoms of the 4d-series is larger than 
the corresponding elements of the 3d-series whereas 
those of corresponding elements of the 5d-series are 
nearly the same as those of 4d-series due to lanthanoid 
contraction. 

The heavier transition elements belong to fourth (4d), fifth 

(5d) and sixth (6d) transition series. Their properties are 

expected to be different from the elements belonging to the 

first (3d) series due to the following reasons: 

(i) Atomic radii of heavier transition elements (4d and 5d 
series) are larger than those of the corresponding 
elements of the first transition series though those of 
4d and 5d-series are very close to each other. 

(ii) Ionisation enthalpies of 5d-series are higher than the 
corresponding elements of 3d and 4d-series. 

(iii) Enthalpies of atomisation of 4d-and 5d-series are hi 
than the corresponding elements of the first series. 

(iv) Melting and boiling points of heavier transition _ 
elements are greater than those of the first transition 
series due to stronger intermetallic bonding. 

(у) The elements of the first transition series generally , 
form low spin or high spin complexes, depending ор 
the strength of ligand field. However, the heavier 
transition elements form low spin complexes 
irrespective of the strength of the ligand field. 


(iv) 


ghe! 


(and f-Block Elements 


49, Magnetic moment (H) = хаа) вм 
forn=1,4 = vill + 2) = УЗ =1.73 BM = 2 
for n= 2, p = 2(2+ 2) = V8 = 2.83 BM =3 
for n=3, н = 9G + 2) = V15 =3.87 BM =4 
porn=4, p= (4 + 2) = V24 = 490 BM =5 
For n= 5, p = /5(5 + 2) = V35 = 5.92 BM =6 


In K,[Mn(CN),] , Mnis in +2 oxidation state, i.e. 
given value of u (2.2 BM = 2) indicates the presence of 
one unpaired electron. Since, CN" is a strong field 
ligand. Hence, when CN ligands approach Mn** ion, 
the electrons in 3d pair up. Hybridisation involved is 
ар? forming inner orbital octahedral complex. 


3d 4; 
1 


hal 
3d 4s 
Mn? = [| 
34 ( i 
[Ma(CN), = 


One unpaired | si, pairs of electrons 
electron ih d? sp? -hybri 4 
from six CN 

In [Fe(H,0),]°*, Fe is in +2 oxidation state. Given, 
р =5.3BM (= 5), shows that there are four unpaired 
electrons. Since, H,O is a weak ligand. 
Hence, the electrons in 3d do not pair up when the 
ligands, i.e. H,O molecules, approach. 
To accommodate the electrons donated by H;O 
molecules, the hybridisation is sp^d?. Hence, it will be 
an outer orbital octahedral complex. 


ITOPIC 2] 
Important Compounds and 


Applications of Transition E 


ÜXIDES AND 
OXOANIONS OF METALS 


"ansition metals combine with oxygen at High 
Goal” to give metallic oxides. Except scandium 
Which are еви upto Mn form monoxide (MO) 

teases con " In nature, А$ oxidation number 

lle ionic di €nt nature and acidic character increases 
lower Oxidari aracter decreases. [n general, the oxides in 
Чоп states of metals are basic and in their 


[5] 


3d 4s 
n 
3d 4s 
Ее?* = [ы] 
| 34 
[ке(н,о)]* = 


Four unpaired 
electrons 
4d 
DTTTTTENN 
——— M—Ó 
Six pairs of electrons in 


spd? -hybrid from six НО. 


50. All the ions form complex of the type [M (HO . As 
,, Water is a weak field ligand, therefore, in case of octahedral 
complex, pairing takes place, when each !2; and е, orbital is 
singly occupied [t, g (ху, dyz, dzx) set is of lower energy and 


е; (а, 3; d; уй ) is of higher energy]. , 
Number. Number of Occupancy 
lons -Configuration of unpaired of 
; 3delectrons . electrons — 3c-orbitals 
JS за? ‚2 2 ts 
vt 3d? 3 3 tòg 
ur 3g? 3 3 Э, 
Mn?* за* 5 5 tes 
Feet "T 6 4 :24е2 
Fe?* 3d? 5 5 13,82 
Co 307 7 3 (2499 
Ni?* 3d? 8 2 thoes 
Cu?* 3d? 9 1 ` 15,69 
lements 


higher oxidation states, they are acidic, whereas in the 
intermediate oxidation state, the oxides are amphoteric. 


Behaviour of oxides of manganese 


+2 + 8/3 +3 +4 +7 
MnO; Mn304,Mn,0;,MnO, , Mn,0, 
Basic ——————— Acidic 
Amphoteric (Covalent green oil) 


Basic oxides Sc,O3, TiO, Ti;O;, VO, V203, MnO, 
FeO, CuO, CoO, МО, Cu;O, CrO 


‚ Acidic oxides Mn;O;, CrO,, OsO, 
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Amphoteric oxides 

TiO, > ZnO, CrO, , Мпһ,О; , MnO, › V20; > Мп;О, , 
Fe4O, 

Here, we will discuss two important compounds, i.e. 
potassium dichromate (K;Cr;O;) and potassium 
permangnate (KMnO,) in details. 


Potassium Dichromate, K,Cr,0, 


It is used in leather industry and acts as an oxidant for the 
preparation of many azo compounds. 


Preparation 
Potassium dichromate is prepared by chromite ore (FeCr;O 4). 
(i) When chromite ore is fused with sodium or potassium 
carbonate in free access of air. 
4FeCr,O, + 8Na,CO, + 70, — 2Ее,О, 
+ 8Na,CrO, + 8CO, 
Sodium chromate 
(и) Yellow solution of sodium chromate is filtered and 
acidified with sulphuric acid to give orange sodium 
dichromate solution. 
2Na,CrO, + 2H* ——3À Na CrO; 


Sodium dichromate 
range 


+ 2Na* + HO 
К„Сг;О, is prepared by treating the solution of 
Na;Cr;O; with KCI because sodium dichromate is 
more soluble than potassium dichromate. 
Na,Cr,O7 +2KCl = K,Cr,0, + 2NaCl 


Potassium 
dichromate 


Orange coloured crystals of K,Cr,O7 separates out. 
In the solution, chromate ions exist in equilibrium with 
dichromate ions. 
Depending on the pH of solution, equilibrium shifts in 
the forward and backward direction. 
The oxidation state of chromium in chromate and 
dichromate ion is same. 
In alkaline medium, 
CrO? + 20H” —> 26:04 + H,O 
In acidic medium, 
2CrO2" + 2H* —9 С,05 + H,O 


Structure 

The structure of chromate ion (Cr, OZ ) is tetrahedral and 
dichromate ion (Cr, О?) consists of two tetrahedral sharing 
one corner with Cr—-O—Cr bond angle of 126°, 
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Dichromate ion (Cr, O2-) 
" 2- 
“A we 9 " 
Cr 126° Сг 
0" М O 
о ^ 


Chromate ion (CrO2-) 4 i. 
| 
A 
со О 


Physical Properties 
(i) It is a crystalline ionic solid having bright, 
reddish-orange colour. 
(ii) It is odourless, with density around 2.67 g cm. 
(iii) It is soluble in water and insoluble in alcohol, 
acetone etc. 
Properties 
(i) Potassium dichromates are strong oxidising agents. 
(ii) Potassium dichromate is used as a primary standard 
solution in volumetric analysis in acidic medium, 
СВОЇ + 14 H*-- бе” —> 2Сг?* + 7H,0 
(E° =1.33 V) 
Thus, acidified potassium dichromate oxidises 
iodides to iodine, sulphides to sulphur, iron (II) 
salts to 
iron (III) and tin (II) to tin (IV). 
6l — 3L + бе 


3H,S —> 6H* + 3S+ 6e” 


6Fe** —o GFe?* + Ge~ 
3Sn’* ——› 3Sn** +6e7 
The full ionic equation may be obtained by adding 
half reaction for potassium dichromate (К›Сг;О;) 
to half reaction for reducing agent. 
CO? + 14H* + GFe?* — 6Fe?* + 2Cr” 
+ 7H,0 


(iii) Cr,02- oxidises nitrites, NO; to nitrates, NO; 
CRO} +8H* 43NO; —> 
2Cr3+ + 3NO; +4Н;0 


Note Sodium dichromate, like potassium dichromate, is also a^ 
excellent oxidising agent and it being highly water soluble IS 
extensively used as an oxidising agent in organic chemistry: 


Uses 
It is used as an oxidising agent, disinfectant, in 


volumetric analysis, for tanning of leather and in 
chromyl chloride test. 


) Pd f-Block Elements 


potassium Permanganate, KMnO, 
owerful oxidising agent in solution state and acts 


isst bleaching agent. 


54 strong 
(i) Potassium permanganate xi prepared by pyrolusite 
(МпО,) ore. When pyrolusite ore is fused with alkali 
metal hydroxide in the presence of air or an oxidising 
agent like КМО, potassium manganate is formed ` 
2MnO; * 4KKOH +O, —9 2K;MnO, +2Н,0 


Potassium 
manganate: 


Potassium manganate (К ,MnO ,) is of green colour 
which disproportionate in a neutral or acidic solution 
to produce potassium permanganate. | | 
3MnO; +4H*—> 2MnO 4 +MnO,+2H,0 
ог 3K ,MnO,+4H*—> 

© 2KMnO,+MnO,+2H,0+4K* 


Potassium 
i permanganate 


(ii) Commercially, it is prepared by alkaline oxidative 
fusion of MnO, followed by electrolytic oxidation of 


manganate (VI). 
ї О Fused with КОН 
Mn 2 Oxi 


— MnO? 
dised with air or КМО, 


Manganate ion 


Electrolytic oxidation _ 
MnO, 


Permanganate ion 


MnO? 


in alkaline solution 


(iii) In the laboratory, a manganese (II) ion salt is'oxidised 

by peroxodisulphate to permanganate. 

MnO; —> MnO}; +e" 
2Mn** + 55,027 + 8H,0 —> 2Mn0O; 
+ 10502 + 16H* 

Dark purple crystals are formed which are isostructural 
with KCIO ,. 
Structure | 
The manganate, МпО and permanganate, МпО are 


tetrahedral, the green MnO; is paramagnetic with one 
“paired electron but the purple MnO% is diamagnetic. 


l ] 
Mn Mn 
p ANa- 
o^ | ^o | o^ | ш 
Tetrahedral Tetrahedral 


permanganate ion 


manganate ion (green) | 
| (purple) (Diamagnetic) 


(Paremagnetic) ' 
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The T-bondin 
nding takes place Ь ‚ | 
Oxygen with Ыш of кыш a “ш 


Physical Properties 


(i) It is dark purple coloured (the deep purple colour of 
nO, is due to charge transfer from O to Mn) 
crystalline solid. It is moderately soluble in water 
(6.4 g/100 g of H50 at 293 К). On heating, it 
decomposes at 513 K and O 2 15 evolved. | 


2КМаО, 7775 K,MnO, +Mn0, +0, 
(ii) It is stored in dark coloured bottles because it gets 
decomposed in the presence of sunlight. ; 
s (iii) It has weak paramagnetism which depends upon 


temperature. 
Chemical Properties 


Potassium дн (KMnO ,) produces nascent 
Oxygen in solution state, which is the cause of its 
bleaching and oxidising properties. Its important 
reactions are as follows : 


Bleaching Action of KMnO, in Different Solution 
(i) Neutral solution 
2KMnO, +H,O—> 2KOH+2Mn0, +310] 
MnO; +2H,0+3e —> MnO, * 4OH^ 
(ii) Alkaline solution 
2KMnO, +2KOH—> 2K.MnO, +Н;0+(0] 
MnO; +e — MnO; 
(iii) Acidic solution 
2KMnO, +3H,SO, —9 K,50, 
+ 2MnSO, + 


3H,0+5[O] 
MnO; +8H* +57 —> Ма” + 4H,0 


Oxidation Reactions of Acidified KMnO, 
(i) Iodide to iodine 
[MnO] +8H*+ 57 — Mn ™ + 4H,0]x2 
(217 — I, +2e ]x5 


> D: m 
2MnO; +1017 + 16H* —9 2Mn™ *5l* 8H;O 
2MnO, + то 


(ii) Ferrous to ferric ' 
MnO; +8H* +57 — Mn + 4Н;О 
ty Fet +е |х5 
(Green) (Yellow) 


7 з 
MnO; + 5Fe^* & 8H —9 Ма t A SFe'* +4H,O 
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(iii) Oxalate to carbon dioxide (at 333 К) 
[MnO; + 8H* +5e7 —> Mn**+4H,0] x2 
[С;О —> 2CO, +2e7]x5 
2MnO;, +5С;О +16H* —> 2Mn**+ 10CO, -8H,O 
(iv) Hydrogen sulphide to sulphur 
Н,5 —э 2H* + S^ 
[MnO; + 8H* + 5e" —> Mn**+ 4H,O] x2 
[S7 — + $+2е7 ] x5 
2MnOj + 5S* + 16H* —> 2Mn?* 55+ 8H,O 
(v) Sulphurous acid or sulphite to sulphate or sulphuric 
acid 
[MnO; +8H* + 5e^ —> Mn” - 4H,0]x2 
[505 +H,0 — 502 +2H* +2e7 ]x5 
/.550$ 4 2MnO; +6H* —3o 2Мһ?* +5802 +3H,0 
(vi) Nitrite to nitrate 
[MnO; +8 H* + 5е7 — Mn” +4Н,О]х2 
[NO; +Н,О —> NO;342H* +2e7 ]x5 
2MnO;, + 5NO; + 6H* —5 2Mn?* + 5NO5+3H,O 
Oxidation Reaction of Neutral or 
Mildly Alkaline KMnO, 
(i) Iodide to iodate 
[MnO; +2Н,О+3е7 —> MnO, + 4OH" ]x2 
I -*6OH —— 10; +3H,0+ Ge7 
2MnO; +I * H;O —9 10;+2MnO, - 20H ^ 
(ii) Thiosulphate to sulphate 
8MnO; + 35,05 +H,0O—> 
8MnO, +6SO7 + 20H™ 
(iii) Manganous salt to MnO, 


ZnO or ZnSO, 
2MnO; + 3Mn?* +2H,O f> 5MnO,+4H* 


Uses 


In analytical chemistry, it is used as an oxidant in the 
preparation of organic compounds, bleaching of wool, 
cotton, silk, decolourisation of oils (Volumetric titrations 
involving KMnO, are carried out only in the presence of 
dil. H,SO,). In case НСІ is used, it is oxidised to Cl, 
and in cleaning surgical instruments in hospitals. 
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APPLICATIONS OF 
TRANSITION METALS 


(i) Iron and steel are the most important construction 
materials. 


(ii) TiO is used in pigment industry. 
(iii) MnO;, Zn, Ni and Cd are used in battery industries 


(iv) Cu, Ag and Au are used for making coins and 
ornaments. 

(v) V20; is used as a catalyst in the manufacture of 
sulphuric acid. 

(vi) ТІСІ, with Al(CH; ), is used in the manufacture of 
polythene. 


(vii) Iron catalyst is used in Haber's process for the 
manufacture of ammonia. 


(viii) Ni catalyst is used for hydrogenation of fats. 


(ix) Light sensitive properties of AgBr are used in 
photographic industries. 


(x) Steel, titanium nitride, titanium carbide, etc., are used ` 
for making artificial joint replacement of bones. 


TOPIC PRACTICE 2 | 


OBJECTIVE Type Questions 


1. Which of the following compounds is used as 
the starting material for the preparation of 
potassium dichromate? 


(а) K,SO, Cr (SO,), : 24H50 (chrome alum) 
(b) PbCrO, (chromite yellow) 
(с) FeCr,O, (chromite) 
(d) PbCrO, : PbO (chrome red) 
d. Which of the following reactions are 
disproportionation reactions? NCERT Exempl 
(i) Cut —> Cu” + Cu 
(ii) 3MnO; + 4H* —5 2МпО; + MnO, +2Н;0 
(iii) 2ZKMnO, —> KMnO; + MnO, + О, 
(iv) 2MnO; + 3Mn?* + 2H,0 —  5MnO, + 4H’ 
(a) (0 (b) (i), (ii) and (iii) 
(c) (ii), (iii) and (iv) (d) (i) and (iv) 
3. When acidified KCrO; solution is added to 5? " 
salt then Sn?' changes to NCERT Exe?! 
(а) Sn (b) Sn? 
(c) Sn** (d) Sn* 


d-and f-Block Elements 


4. The equilibrium, Cr,0? = 2Cr07 is shifted to 


(lo 0; 


right in | 

(a) an acidic medium 
(д a neutral medium 
KMnO, acts as an oxidising agent in acidic 
medium. The number of moles of KMnO, that 
will be needed to react with one mole of 

sulphide ions in acidic solution is NCERT Exemplar 


4 1 
(c) a (d) 2 


(b) a basic medium 
(d) it does not exist 


. Why is HCl not used to make the medium acidic 


in oxidation reactions of KMnO, in acidic 

medium? NCERT Exemplar 

(a) Both HCl and KMnO, act as oxidising agents 

(b) KMnO; oxidises HCl into Cl, which is also an 
oxidising agent 

(c) KMnO, is a weaker oxidising agent than НС] 

(d) KMnO, acts as a reducing agent in the presence of 
НСІ 


* KMnO, acts as an oxidising agent in alkaline 


medium. When alkaline KMnO, is treated 
with KI, iodide ion is oxidised to ........ Е 
NCERT Exemplar 


(a)I, 
(910; 


(b) 107 
(d) 10, 


* On addition of small amount of KMnO, to 


concentrated H,SO,, a green oily compound is 

obtained which is highly explosive in nature. 

Identify the compound from the following. 
NCERT Exemplar 

(b) MnO, 

(d) Mn;O, 


(a) MnO, 
(c) Mnso, 


* When KMnO, solution is added to oxalic acid 


Solution, the decolourisation is slow in the 
einning but becomes instantaneous after some 
time because NCERT Exemplar 
@) CO, is formed as the product 

)г eaction is exothermic 
©) MnO, catalyses the reaction 


(d) Мп? acts as autocatalyst 


' C r 
atalyst used in the oxidsation of SO, in the 


Manufacture T 

(a) Сис, of H,SO, is 
(b) уго; 
(мао 
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VERY SHORT ANSWER Type Questions 


ЇЇ. Which of the following are amphoteric oxides? 
" Mn,0,, CrO,, Cr,0;, CrO, V,0;, V0, 


What happens when dichromate ion is dissolved 
in alkali? 


3. Write the formula of compound in which 
transition metal is in +7 oxidation state. 


14. Cr” is a strong reducing agent whereas Мп“ 
with the same d* configuration is an oxidising 
agent. Explain. 


15. What happens when KMnO, is treated with KI? 
SHORT ANSWER Type I Questions 


16. Describe the oxidising action of potassium 
dichromate and write the ionic equations for its 
reaction with (i) iodide (ii) iron (II) solution and 
(iii) HS. NCERT 

17. Explain why does colour of KMnO, disappear 
when oxalic acid is added to its solution in acidic 
medium? NCERT Exemplar 

18. Complete the following equations. 

(i) 2СгО; +2H* — 


(ii) KMnO, = 
All India 2013 


19. cro? $a; Epp = +133 V 
Мпо; — Mn”; E°pp = 4151 V 
What can you assert about the nature of KMnO, 
and K,Cr,0;? 


Complete and balance the following chemical 
equations: CBSE 2018 


(а) Fe?* + MnO; + H*> (b) MnO} + H,0+ Г 
SHORT ANSWER Type LH Questions 


21. Give reasons for the following: CBSE SQP 2021 
(i) Transition elements act as catalysts. 
(ii) It is difficult to obtain oxidation state greater 
than two for copper. 
(iii) CrO is basic but Сг;О; is amphoteric. 
22. Describe the preparation of potassium 
dichromate from chromite ore. What is the 
effect of the increasing pH on a solution of 


potassium dichromate? 
Delhi 2020, NCERT; All India 2019, 2012 


20. 
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23, Complete the following chemical equations. 
(i) CRO? + GFe?* + 14H* — 
(ii) 2CcrO7- + 2ZH* —> 
(iii) 2MnO; +5С,0{- + 16H* —> | 
All India 2020, 2019, Delhi 2013 


24. What happens when KMnO, reacts with H,O 
(i) in strong acidic medium? 
(ii) in neutral medium? 
(iii) in alkaline medium? 

25. When orange solution containing Сг,О2- ion is 
treated with an alkali, a yellow solution is 
formed and when Н“ ions are added to yellow 
solution, an orange solution is obtained. 
Explain, why does this happen? 

NCERT Exemplar 


A mixed oxide of iron and chromium is fused 
with sodium carbonate in free access of air to 
form a yellow coloured compound (A). On 
acidification, the compound (A) forms an 
orange coloured compound (В), which is a 
strong oxidising agent. | 
Identify compound (А) апа (В). Write 
chemical reactions involved. | All India 2017C 
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LONG ANSWER Туре Questions 


27. Describe the preparation of potassium 


28. @ Name a compound of 


permanganate. How does the acidified 
permanganate solution react with (i) iron (II) ions 
(ii) SO, and (iii) oxalic acid? j 
Write the ionic equations for the reactions. 

Delhi 2020, NCẸpy 


(a) transition metal which is used in the 
manufacture of sulphuric acid. 

(b) transition metal that is used in Haber's Proces, 
for the manufacture of ammonia. 

(c) transition metal that have light sensitive 
properties and act as valuable source in 
photographic industry. 

(ii) Write the equations which are involved in the 
oxidation of hydrogen sulphide to sulphur by 
potassium permanganate solution. 


29, When chromite ore is fused with sodium carbonate 


in free access of air and the product is dissolved in 


water, a yellow solution of compound (A) is obtained. 
On acidifying the yellow solution with sulphuric 


acid, compound (В) is crystallised out. When 
compound (B) is treated with KCl, orange crystals 
of compound (C) crystallise out. Identify (A), (B) and 


(C) and write the reactions involved. Delhi 2017 


| HINTS AND EXPLANATIONS 


5. (a) The reaction of KMnO, in which it acts as an oxidising 


1 


(c) Chromite is used as starting material for 
preparation of K,Cr,0,. 

(a) The reaction in which oxidation as well as 
reduction, occur upon same atom simultaneously is 
known as disproportionation reaction. 


[ Oxidation l 


Cus —> Cu” + Cu 
| Reduction | 
(c) When acidified K,Cr,O, solution is added to Sn?* 
salts then Sn?' changes to Sn**, 
The reaction is given below 
Oxidation 
Сг°О?” + 14H* + 35п?* —> 2Cr" 38n** + 7Н,О 


| Reduction | 


(b) The equilibrium СО?” == 2СгО is shifted to 
right in a basic medium. 


7 


agent in acidic medium is 
2KMnO, + 3H,SO, —— K,SO, 
+ 2MnSO, + ЗН,О + 5[0] 
Н,5 + [0] —— Н,О+ S]x 5 


' 3KMnO, + 3H,SO, + 5H,5—> 
K,SO, + 2MnSO, + 8H,O- 55 
5 moles of S?” ions react with 2 moles of KMnO,. So, 1 mole 


of S” ion will react with 5 moles of KMnO,. 


(b) HCl is not used to make the medium acidic in oxidation 
reactions of KMnO, in acidic medium. The reason is that! 
НСІ is used, the oxygen produced from KMnO, + HCl is 
partly utilised in oxidising НСІ to Cl, which itself acts aS an 
oxidising agent and partly oxidises the reducing agent. 

(с) KMnO, acts as an oxidising agent in alkaline medium. 
When alkaline KMnO, is treated with KI, iodide ion is 
oxidised to ІО;. 


ad f-Block Elements 


action 2KMnO, + Н,0+ KI—> 2Мп0, + 2KOH 


Re 
+ KIO, 
of, Г + 60H —> 105, + 3H,0 + 6e7 
в. (a)On addition of KMnO; to concentrated Н;50 „а 


een oily compound Мп;О; is obtained which is highly 
explosive in nature. 
2KMnO, * 2H,SO,(Conc.) —> Mn;0, 

| + 2KHSO, + H,O 
(d) When KMnO, solution is added to oxalic acid 


solution, the decolourisation is slow in the beginning 
but becomes instantaneous after some time because 


Mn” acts as autocatalyst. 
Reduction half | 
MnO, +8H* + 5е7 —> Mn” +4Н,0]х 2 


Oxidation half | 
С,027 —> 2С0, + 27]х5 
Overall equation | 
2МлО; + 16H* +5C,0; ——›2Мп 
... +10CO, + 8Н,0 
End point of this reaction Colourless to light pink. 
10. (b) V,O; is used as catalyst in the oxidation of SO, іп 
the manufacture of H,SO,. 
11. У,0, and CO, are amphoteric oxides because both 
react with alkalies as well as acids. 
12. When dichromate ion is dissolved in alkali, it forms 
chromate ion. 
СО!” +20H7 —9 2СгО + H;O 


2+ 


13. KMnO,, Mn has +7 oxidation state. 
14, Hint Cr” = t 8; and Mn”* = n e; 


15 


2KMnO, + 2KI —> 2Мп0, + I, +4КО 
2KMnO, + KI + H,O —> KIO, +2КОН + MnO, 

Refer to text on pages 152 and 153, 

When oxalic acid is added to acidic solution of KMnO,, 
its colour disappear due to the reduction of MnO, ion to 
Mn’*, Chemical reaction occurring during this 
neutralisation reaction is as follows: 


5C,0; + 2MnO; +16H*—»  2Mn'* +8H,0 
; (Coloured) (Colourless) 
+ 10 CO, 


16 
17 


18, (i) Refer to text on page 152. 
(ii) Refer to text on page 153. 


19, н; 
% Hint Both KMnO 4 and K,Cr,0, acts as an oxidizing agents. 


2 | 
0. (a) spe?* + MnO; + 8H* —95 Mn** + 5Fe?* +4H,0 
© 2MnO, + Н,0+ Г —>10; +2MnO, + 20H” 
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21, (i iti 

a (i) TAY тюп metals and theit compounds аге ased 

m inn e activity is due to their 
0 adopt multiple oxi 
Dien, p iple oxidation states and to form 
Transition metals because of their variable valencies 
i pii form unstable intermediate compounds 
nd provide a new path with | ivati 

for the reaction, à MENTI 
eg. VO, (contact process), finely divided iron 
(in Haber's process) and nickel (in catalytic 
hydrogenation). 

(ii) It is difficult to obtain oxidation state greater than 
two for copper due to high value of third ionisation 
enthalpy. 

Cu(29) 23d" 44, Cu* 23d" 45°, Cu” =34?4;? 

(iii) Oxidation state of Cr in CrO is +2 while that in 
СО, +3. As the oxidation number of a metal 
increases, its acidic character increases due to 
decrease in the size of the metal ion and increase 
in charge density. 

22. Refer to text on page 152. Hint On increasing pH, 
K,Cr,0, changes into K;CrO,. 
23. (i) Refer to text on page 152. 
(ii) Refer to text on page 152. 
(iii). Refer to text on page 154. 


24. Refer to text on page 153. 


.25.. When orange solution containing Cr,O7- ion is treated 


with an alkali, a yellow solution of CO; is obtained. In 
the same way, when Н” ions are added to yellow 
solution, an orange solution is obtained due to 


interconversion. 
*. Оң, 2- 
CO == со; 
Dichromate H”  Chromate 
(Orange) (Yellow) 


26. A:Na,CrO,; B: Na,Cr,0, 


4 FeCr,O, + 8Na,CO, +70, 


2Na,CrO, + 2Н* —> Na,CrO, + 2Na° + H,O 
27. Refer to text on pages 153 and 154. 


28. (i) (a) Vanadium (b) Iron (c) Silver 
(ii) Hint 2MnO, + 5H,S+ 16H’ —> 2Mn** +5S+8H,0 


Refer to text on page 152. 


29, Compounds A, Band Care 
AiNa,CrO, ; В : Nap CRO; ;C:K,Cr,0, 
The reactions involved are as follows 


8 Na,CrO, + 2Fe,0, +8 CO, 


2Na,CrO, + 2H* —э Na,Cr,0, + 2Na* +H,0 
Na,Cr,0, + 2KCl — K,Cr,0, + 2 NaCl 


| TOPIC 3| Inner-Transition Elements 


Elements in which the last electron fill up in forbital are 
called f-block elements. These elements are also known as 
inner-transition elements. They have two ѕегісѕ, i.c. 
lanthanoids (the 14 elements following lanthanum) and 
actinoids (the 14 elements following actinium). 


Lanthanoids resemble one another more closely than do the 


members of ordinary elements in any series. They possess only 


one stable oxidation state and their chemistry provides an 
opportunity to study the effect of small changes in size and 


nuclear charge along a series of otherwise similar elements. 


LANTHANOIDS - 
Properties of Lanthanoids 


Some properties of lanthanoids are discussed below: 


Electronic Configuration 


General electronic configuration of lanthanoids are 65754?! 


471714 In these elements, last electron enters into the 
4 f -orbital till Yb(4 f ^). Only cerium, gadolinium and 


lutetium have electron in 5Z-orbital as well. 


Electronic configurations and radii of lanthanum and lanthanoids 


Outer electronic 


dici Мате Symbol Configurations 
Ln 
| осу Lanthanum La 501 6s? 
^ 58 Cerium Ce 4f! 501 6s? 

59 Praseodymium Pr 4f? 6s? 
|^ 60 Neodymium Nd 4f 6s? 

61 Promethium Pm 415 652 
62s Samarium Sm 419 6s? 
«63 Europium Eu ales —— 

64 Gadolinium Gd 4'6d'6s? — 

65 Terbium Tb |^ 62 

66 i Dysprosium Ed Dy 4f? 6s? Е 
у Holmium но — a'e 
зв Ebm E 46 
^69 Thim Тт 43 65? 
^ 70 Yüebum Yo af" 65? 
^ шт iu  4f*5d'6s 


Atomic and Ionic Radii 


The atomic and ionic radii decrease from lanthanum to 


lutetium. This is due to the unique property of lanthanoids 


which is known as lanthanoid contraction. 


Lanthanold Contraction 
The filling of 4forbital before 54-orbital results ү, 
a 


regular decrease in atomic radii called lanthanoig 
contraction. The factor responsible for the lanthangig 
contraction is similar to that of ordinary transition 
series, i.c. the imperfect shielding of one electron 
another in the same set of orbitals. However, the 
shielding of one 4felectron by another is less than th, 
of one d-electron by another and as the nuclear char à 
increases along the series, there is fairly regular decreas, 
in the size of the entire 4f” orbitals. 

The decrease in atomic radii is not regular but the 
decrease in ionic radii of their M?* ions are quite 
regular as represented by the following graph. 


lonic radii/pm É—-— 


65 67 69 71 
Atomic number 
Trends in ionic radii of lanthanoids 


57 59 61 63 


Consequences of Lanthanoid Contraction 


(i) Basic character of oxides and hydroxides Due 
to the lanthanoid contraction, the covalent _ 
nature of La—OH bond increases as the baste 
character of oxides and hydroxides decreases 
from La(OH), to Lu(OH),. 

(ii) Similarity in the size or radii of elements of. 
second and third transition series Because ? 
lanthanoid contraction, elements which follow 
the third transition series are considerably 
smaller than that would otherwise be expected 
The normal size increases from Sc >Y 7 ^^ 
and disappears after lanthanoids. Thus, pat? : 
elements such as Zr/Hf, Nb/Ta and Mo/W 2° 


da nd f-Block Elements 


almost identical in size. Due to almost similar sizé, such 
airs have very similar properties which make their 


separation difficult and hence, also called chemical twin, 


Separation of lanthanoids Due to lanthanoid 
contraction, there is a small difference in the size of 
lanthanoids. So, there is the difference in some properties 
of lanthanoids like solubility, degree of hydration and 
complex formation. These differences enable the: 
separation of lanthanoids by ion exchange method. 


(iii) 


oxidation States 

The most stable oxidation state of lanthanoids is + 3. 
Oxidation states + 2 and +4 also survive but they relapse to 
+3, eg. Sm 2+ Eu? lose one electron to attain +3 state and 
hence are good reducing agents. Similarly, Yb^* with f^! 
configuration acts as a reductant and Tb” with half-filled 
forbitals acts as an oxidant. While Ce^5 Pr** in aqueous 
solution gain one electron to attain + 3 state and hence are 
oxidising agents. There is a large gap in energy of 4 f- and 
5d-subshells and thus, the number of oxidation states is 
limited. 

These are fourteen elements from cerium (Ce) to lutetium 
(Lu) as they closely resemble lanthanum. This is a 4 f series. 
General trends in electronic configurations and radii of 


lanthanoids are tabulated below: 


General Characteristics of Lanthanoids 


(i) Appearance Lanthanoids are silvery white soft metals 
and tarnish rapidly in air. The hardness increases with 
increasing atomic number (samarium is steel hard). 

(i) Density and melting point Lanthanoids are highly dense 
metals and have high melting point (1000 to 1200 K). Sm 
has exceptionally high melting point of 1623 K. 


(ii) Metallic Property They have typical metallic structure 
and are good conductors of heat and electricity. 
Alloy formation With other metals especially Fe they 
easily form alloys, e.g. alloy mischmetal of rare earth 
element (94%-95%), iron (upto 5%) and traces of S, С, 
and AJ, p yrophoric alloys contain Ce (40.5%), La+ 
neodymium (44%), Al, Ca and $. 
лес properties Generally, paramagnetism is 
‘pown by lanthanoid ions, The paramagnetism arises 
Ue to the Presence of unpaired electrons in f -orbital. 
“gnetic moment depends upon orbital and spin: 
i moment together, Neodymium shows 
(i) Cal mum paramagnetism, 
our Most of the trivalent ions are coloured in solid 


as wel] as j ‘ 
гы). п aqueous solution both due to partly filled 


(iv) 
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(vii) Complex formation Lanthanoids have low 

density due to large size and high charge. As a 
_ result, they have poor tendency to form complex. 

(viii) Ionisation enthalpy The first ionisation enthalpies of 
lanthanoids are around 600 kJ mol" , the second 
aboutl 200 К] mol^! comparable with those of 
calcium. The variation of the third lonisation 
enthalpies indicates that the exchange enthalpy 
consideration (as in 3z-orbital of Ist transition series) 
appears to impart a certain degree of stability to 
empty, half-filled and completely filled forbitals as 
indicated by the abnormally low third ionisation 
enthalpies of La, Gd, Lu. 

(ix) Chemical behaviour The first few members of the 
series are quite reactive, almost like calcium. 
However, with increasing atomic number, their 
behaviour becomes similar to that of aluminium. 
These combine with hydrogen, carbon, nitrogen 
sulphides and halides. They also form oxides 
(MO, type) and hydroxides М (OH); type], 
which are basic like alkaline earth metal oxides and 
hydroxides. 


Chemical reactions of the lanthanoids 


Uses 
(i) Lanthanoids are used for the production of alloy 
steels for plates and pipes. 
(ii) Mischmeral alloy of lanthanoid is used in Mg-based 
alloy to produce bullets, shell and lighter flint. 
(iii) Mixed oxides of lanthanoids are used as catalyst in 
cracking of petroleum, 
(iv) Some lanthanum oxides are used as phosphorus in 
television screens. 


ACTINOIDS 


These are the elements in which last electron filled in 
5 f-orbitals, The actinoids are radioactive elements and 
the earlier members possess relatively long half-lives 
while the latter ones have half-life values ranging from 
a day to 3 min, for lawrencium (Z = 103). The latter 
members could be prepared only in nanogram 
quantities. 
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Properties of Actinoids 


Some properties of actinoids are discussed below: 

(i) Electronic configuration The general electronic 
configuration is 5! 464° 17:2, The irregularities in 
the electronic configuration of actinoids is due to the 
stabilities of f°, f7 and f'* occupancies of 5 forbitals. 


Electronic Configuration of Actinoids 


panier nae Symbol с structure 
89 Actinium ^ Ac —— 6d'7s? 

90 Thorium Th 6d?7s* 

91 Protactinium Pa 5/260'752 

92 Огапішт U 5f?6d'7s? 

93 Neptunium Np 5f^6d'7s? 

94 Plutonium Pu 50752 ! 

95 Americium Am 5f'7s? 

96 Curium Cm 560752 

97 Berkelium Bk S752 

98 Californium Cf 59752 | 
99 Einsteinium Es 5{'175° 

100 Fermium Fm 52752 

101 Mendelevium Md 512752 

102 Nobelium No 514 75° 

103 Lawrencium Lr 50 6d'7s? 


(ii) Ionic size The radii of trivalent and quadrivalent ions 
of actinoids contract slightly with increasing atomic 
number due to actinoid contraction. This contraction 
results from poor shielding experienced by 5 f-electrons. 

(iii) Oxidation states Actinoids show a variety of oxidation 
states due to comparable energies of 5 f, 6d and 7s 
energy levels. The dominant oxidation state of actinoids 
is + 3 which show increasing stability for the heavier 
elements. 

(iv) Magnetic properties Actinoids are strongly 
paramagnetic. Their magnetic moments are smaller than 
the theoretically predicted values as the 5 f-electrons of 
actinoids are less effectively shielded which results in 
quenching of orbital combination. M 

(у) Colour of the ions Actinoid ions are generally coloured 
due to f-f transition. It depends upon the number of 
unpaired electrons іп 5 f-orbitals. 

(vi) Complex formation Actinoids have greater tendency 
to form complexes due to higher nuclear charge and 
smaller size of their atoms. 


ù 
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Similarities 


between 


Lanthanoids and Actinoids 


There are some similarities between lanthanoids and 
actinoids, which are 


(i) Both exhibit + 3 oxidation state predominantly, 
(ii) Both are electropositive and have high reactivity 


(iii) Like lanthanoid contraction, there is actinoid 
contraction also. 


(iv) They show ion exchange behaviour. 


(v) In both series, f-orbitals are being progressively 


filled. 

Difference between lanthanoids and actinoids 
Property . Lanthanoids Actinoids 
Oxidation states They show mainly In addition to 

+ З oxidation state. + З oxidation state, 
+2 and+ 4 oxidation actinoids also show 


states also exist. 


higher oxidation 
states like + 4, +5, 
+6and +7. 


Èr 


Binding energies 


Binding energies of 


Binding energies of 


4f are higher. 5f are lower. 
Shielding effect They have poor They have even poor 
shielding effect. shielding effect than 
lanthanoids. 
They are They are also 


Magnetic properties 


paramagnetic and 
their magnetic 
properties can be 
easily explained. 


paramagnetic, but 
their magnetic 
properties cannot be 
easily explained. 


Chemical reactivity 


(i) Tendency to form 
complexes 


Less 


(li) Radioactivity 


Except promethium, 
these are 
non-radioactive 
substances. 


More 


— 


These are radioactive 
substances. 


at 


(iii) Basic character These are less basic. These аге more 


basic. 


dacidbdloacf c ау dul i о ИЕА УЕ. 


Applications of f-Block Elements | 


Some applications of f-block elements are: 
(i) Lanthanoids are used as catalyst in petroleum 


cracking. 


(ii) Lanthanoids are used in producing alloys. 
(iii) Oxides of lanthanoids are used to produce redo 


on television 


Screen. 


0100 


(iv) Actinoids are used іп nucleat teactors for the 
production of electricity. 


also used for the’ synthesis of 


(v) Actinoids are 


transuranic elements. 


» 14 


jropIc PRACTICE 3| | 


0В) 
і. 


= 


ЕСТІҮЕ Type Questions 


outermost electronic configuration of 
janthanide is | 


gf one 
gf nhe 


(b) 4f! =; 54%-!, 652 
(d)4f ^" "*,5d',es? , 


h of the following elements shows 


whic FNE, 

maximum number of different oxidation states in 
its compounds? . 

QR а OG (Am 


As the atomic number of lanthanides increases, 


there atomic radius decreases, but exception is 


(b) Eu and Yb 


(a) Ga and Eu 
(d) Dy and Ho 


(c) Nd and Ho 


Which of the following has abnormally low value 


of third ionisation enthalpy. NCERT Exemplar 
(a) Lanthanum (b) Gadolinium 
(c) Lutetium (d) All of these 


‚ Which of the following oxidation state is 


common foralllanthanoids? NCERT Exemplar 
(a) +2 (b) +3 
(c) +4 (d) +5 


‚ Choose the appropriate option about the 


misch metal. 
(a) It is an alloy which consists of a lanthanoid 
metal (~95%) and iron (~5%) and traces of S, C, Ca 
and Al | 
(b) Used іп Mg based alloy to produce bullets, shell and 
lighter flint 
(c) It finds application in making aeroplane body 
(d) Both (a) and (b) 
There are 14 elements in actinoid series. Which 
of the following elements does not belong to this 
Series? 


(a) U (d) Fm 


(b) Np (c) Tm 


VERY SHORT ANSWER Type Questions 


8, 


Write down the electronic configuration of 
&adolinium (Gd). Its atomic number is 64. 


*. What аге the different oxidation states exhibited 
NCERT 


y lanthanoids? 


. N е. í 
àme a member of the lanthanoid series 


Which ; | 
: ch is well known to exhibit +4 oxidation 


tate, Delhl 2014 


Na 
«mh the elements which are used for the 
esis of transuranic elements. 


NCERT Exemplar 


12. What are the uses of mischmetal? 


SHORT ANSWER Type I Questions 


13. Name the members of the lanthanoid series 


19. 


which exhibit + 4 oxidation states and those 
which exhibit +2 oxidation states. Try to correlate 
this type of behaviour with the electronic 


configuration of these elements. NCERT 


Actinoid contraction is greater from element to 
element than lanthanoid contraction. Why? 
NCERT Intext 


Although, Zr belongs to 4d and Hf belongs to 


5d transition series but it is quite difficult to 
separate them, why? NCERT Exemplar 


Use Hund's rule to derive the electronic 
configuration of Ce** ion and calculate its 


magnetic moment on the basis of ‘spin only’ 
formula. NCERT 


. Write down the electronic configuration of 


the following and predict their magnetic 
moments. 


(i) Ce“ 


(iii) Lu?* 


(ii) Pm* 
(iv) Th** 


. The chemistry of the actinoid elements is not so 


smooth as that of the lanthanoids. Justify this 
statement by giving some examples from the 
oxidation state of these elements. NCERT 


What are inner-transition elements? Decides 
which of the following atomic numbers are of 


the inner-transition elements 29, 59, 74, 95, 102, 
104? NCERT 


SHORT ANSWER Type II Questions 
20. Compare the chemistry of actinoids with that of 


21. 


the lanthanoids with reference to 
(i) electronic configuration 
(ii) oxidation state 
(iii) chemical reactivity 


What are alloys? Name an important alloy which 


contains some of the lanthanoid metals. Mention 
NCERT 


NCERT 


its uses. 


22. The outer electronic configurations of two 


members of the lanthanoid series are as follows : 
4f! 5d! and 4f! 5d" 6s”, 
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What are their atomic numbers? Predict the LONG ANSWER Type Questions 
oxidation states exhibited by these elements in 2 ; 4+ 
their compounds. 25. (i) Yb™ acts as a reductant while Tb** act 4. " 


oxidant. Why? 


23. Which is the last element in the series of the (ii) Account for the following. 
actinoids? Write the electronic configuration of (a) Paramagnetism is shown by lanthan,. 
this element. Comment on the possible oxidation ions. Comment. oid 
state of this element. NCERT (b) Compare the basic strength of (Он) 
24. What is lanthanoid contraction? Name an Ca(OH), and Al(OH)3. " 
important alloy which contains some of the (c) Lanthanoids do not form their Carbo 
‘lanthanoid metals. All India 2013 compounds. 
1. (b) Lanthanide exhibit 4 f! ^ '*, 5d 9-1 6s? electronic of increased nuclear charge leading to contraction in 
configuration. | size, is more in case of actinoids. 
2. (d) Americium (Am) shows maximum number of — . 15. Refer to text on pages 158 and 159. 
different oxidation states in its compounds. 16. Ce(Z =58) = [Xe] 4f' 5d'es? 
3. (b) In Eu and Yb, as atomic number increases atomic Ce?* =.,[Xe] 4 f" (only one unpaired electron), 
radius increases, which is an exception. i à 
. іе. n = 
4. (с) 1а, са and Lu, all have abnormally low value of third дыы ‘spin-only’ formula, 
ionisation enthalpy. Y 34 
И | Magnetic moment of Ce" (n) =/n(n + 2) BM 
5. (b)Lanthanoids show common oxidation state of +3. da 
Some of which also show +2 and +4 stable oxidation state it zl (1+ 2), BM =v3 BM —1.73 BM 
alongwith +3 oxidation state.These are shown by those 17. Refer to text on pages 158 and 160. 
elements which by losing 2 or 4 electrons acquire a stable 18. Lanthanoids show limited number of oxidation states as 
configuration of f°, f? or f'*, eg. +2, +3 and +4 (out of which +3 is most common). Thisis 


6. (c) Misch metal is an alloy which consists of a 


7. (c)Tm(Z =69) do not belong to actinoid series. The 


8. 


9. 
10. 
11. 
12. 
13. 
14. 


2+; 7 42+; 14 ^49 0 due to the large energy gap between 4 f and 5d-subshels 
Ei d є ME is[Xe]4 f ‚се Riser к? The dominant oxidation state of actinoids is also +3 but 
and Tb” is[Xe]4f . they show a number of other oxidation states also like 
uranium (Z =92) and plutonium (Z =94) show +3 +4 + 


| : and +6, neptunium (Z =93) shows +3, +4 +5 and +7. This 
lanthanoid metal (-957) and iron (~5%) and traces of S, C, is due to small energy difference between 5 f, 6d and 


Ca and AL И! is used in Mg based alloy to produce bullets, 7s-subshells of actinoids. 


shell'and lighter-flint. 19. Inner-transition elements Refer to text on page 158. 


Inner-transition elements include lanthanoids (58-71) a 
actinoids (90-103). Thus, elements with atomic numbers 
59, 95 and 102 are inner-transition elements. 


20. Refer to text on pages 158 and 160. 


actinoid series is with atomic numbers 90 to 103, 
Thulium (Tm) has atomic number 69 belongs to 
lanthanoids (4 f series). 

The electronic configuration of gadolinium is 


a Gd ^ [Xe] 4 f? 54! 65? 21. An alloy is a homogeneous mixture of two or more 


metals or non-metals. It is prepared by blending the 


It has extra stability due to half-filled 4 f -subshell. metals (and/ or non-metal) in molten state. 
+ 2, * 3and + 4 (most common is + 3). Refer to text on page 159, 

Cerium (Ce) is well known to exhibit 44 oxidation state. 22. Refer to text on pages 158 and 159, 
Uranium 23. Refer to text on page 160. 

Bullets, shells, lighter flint are prepared by this alloy. 24. Refer to text on pages 158 and 159, 

Refer to text on page 158. 25. (i) Hint Yb 24 "552, yp?! =4/ 95° 
The decrease in atomic (or ionic) radii (actinoid Tb =4f%5s?, ТЬ!" -4f!5s? 


contraction) in actinoids is greater than lanthanoid 
contraction because 5 f -electrons have poor shielding 
effect as compared to4 f -electrons. Therefore, the effect 


(ii) (a) Refer to text on page 159. 
(b) Refer to text on page 158. 
(c) Refer to text on page 159. 


SUMMARY 


plock elements (or transition elements) 
d e element lying between s-and f-block elements of the 


| riodic table are collectively known as transition elements. 
Their general configuration (n — 1) a 9. ns'-2 

Almost alld-block elements have electronic structure that 
' features an outer pair of s-electrons, within which there is a 


partially or half or fully filled d-subshell. 

‚ Generally the atomic radii of d-block elements in a series 
decrease with increase In atomic numbers but the decrease in 
atomic size is small after midway. 

» Due to increase in nuclear charge which accompanies the 
filing of the inner d-orbitals there is an increase in ionisation 
enthalpy along each series of the transition element from left to 
right. 

: They show variable oxidation state because the energy level of 
3d, 4d and 5d orbitals are fairly close to those of 4s, 5s and 
respectively. >" 

* Most of transition elements and their compounds show 
paramagnetism and formed coloured compounds. The 
paramagnetism first increases in any transition element series 
and then decreases. 

' Transition metals and their ions show strong tendency for 
complex formation. 


* Small non-metallic atoms such as H, B, C and N are able to 
occupy interstitial space of the lattice of thed-block elements to 
form combinations which are termed as interstitial compounds. 


' Transition metals and their compounds have catalytic 
properties, form a large number of alloys. 
: E of the important compounds of d-block elements are 
£10; and KMnO,,. 


f-block elements or inner transition efements 


The most characteristic oxidation state of lanthanides is +3 


li lanthanide contraction refers to ionic radius of that series. 
he Separation of lanthanides is done by the ion exchange 
method which is based on size of hydrate MÉ* ions. 


All the lanthanide ions with the exception of Lu**, Y5?* and 


4 Р 
oM are paramagnetic because they contains unpaired 
electron in the 4f-orbitals. 


Magnetic moments of lanthanides are ca'culated by taking into 
consideration spin as well as orbital contributions. 

The covalent character of hydroxides of lanthanides increases 
and basicity of decreases as the size decreases from La* to 
ш, 

The elements with atomic number 90 to 103 are called 
actinides. These elements involve the filling of 5f-orbitals. 


The dominant oxidation state of actinides are generally 
coloured which is due to f-f transitions. It depends on the 
number of electrons in 5f-orbitals. 

Like lanthanides, actinides are strongly paramagnetic. 
Magnetic moments of actinides are less than the theoretically 
predicted value. This is due to the fact that 5f-electrons of 
actinides are less effectively shielded. 

Actinides have greater tendency to form complexes | 
because of higher nuclear charge and smaller size of their 
atoms. 


‘There is a regular decrease in ionic and atomic radii with 


increase in the atomic number from Th to Lr. This is called 
actinide contraction. This is due to imperfect shielding of one 
5d-electron by another in the same shell. 


СНАРТЕК 
PRACTICE 


OBJECTIVE Type Questions 


1 Which of the following element show catalytic 
property? 
(а) Ca (b) Fe А 
(с) Pb (d) None of these 
2, Transition elements have unique property that 
(a) they show variable oxidation state 
(b) these elements acts as catalyst _ 
(c) they form coloured compounds 
(d) All of the above 
3 Across the lanthanide series, the basicity of the 
lanthanide hydroxides 
(a) increases 
(b) decreases 
(c) first increases and then decreases 
(d) first decreases and then increases 
4 The incorrect statement about cerium is 
(a) its common oxidation states are +3 and +4 
(b) +3 state is more stable than +4 
(c) +4 state is not seen in solution 
(d) Ce (IV) is an oxidant 


CASE BASED Questions 


Case | 

Transition metals show a great variety of oxidation states 
in its compounds (variable valency) except the first and 
the last element. This is because of the fact that, the 
difference in the energy of (n — 1) Z-electrons and 
ns-electrons is low which implies that electrons from both 
energy levels can take part in bonding. 

In 3d-series, all elements show +2 oxidation state except 
Sc (Sc = + 3). Oxidation states first increases from Sc to 
Mn due to increase in number of unpaired electrons and 
then decreases because pairing takes place. Fe and Ni 

' show zero oxidation state in metal carbonyls. 

The oxidation state of a metal їп a solvent depends on 
the nature of the solvent, e.g. Cu* is unstable in aqueous 
solution and undergo disproportionation reaction. 

Low oxidation states are found if a complex compound has 
ligands capable of -acceptor character and o-bonding, e.g. 
Ni(CO), and Fe(CO);, the oxidation state of nickel and 


iron is zero in the presence of CO as ligand. 


The following questions are multiple choice questions. Choose 


most appropriate answer : th 
5 Transition elements show oxidation states or 
(a) +2 | (b) +5 
(c) 0 (d) variable 
6 The highest oxidation state of a metal exhibiteg 
‘in its 
(a) oxide 
(b) fluoride 


(c) sulphide 
(d) both (a) and (b) 


Or Name the oxometal anion of the first series of the 
transition metals in which the metal exhibits the 
oxidation state equal to its group number. 


(a) [V,0, М (b) [MnO, I" 
(c)[MnO,, ]- (d) [V;O; | 
7 Мате the element showing maximum number of 


oxidation states among the first series of 
transition metals from Sc to Zn. 


(a) Mn (b) Sc 
(c) V (d) Cr 
8 Name the element which shows only +3 oxidation 
state. 
(a) Mn (b) Sc 
(o) V (d) Cr 
Case Il 


Within the 3d series, manganese exhibits oxidation state 
in aqueous solution from +2 to +7, ranging from 

Мп“ (a4) to MnO; (aq). Likewise, iron forms both 
Fe' (ag) and Fe?* (aq) as well as the FeO? ion. Cr? | 
Mn form oxyions СгО?- ', MnO}, owing to their 
willingness to form multiple bonds. 


The pattern with the early transition metals. d and f ^ 
the 3d series up to Mn, and for the 4d, Sd metals up ? 
Ru and Os is that the maximum oxidation state 
corresponds to the number of “outer shell" electron* 


The highest oxidation states of 34 metals may dep PE o” 
upon the complex formation (e.g. the stabilisation? ., 
by ammonia) or upon the pH (thus MnO? (40 BP 
to disproportionation in acidic solution). 


jan d f-Block Elements 


п the 34 series, there is considerable variation in 

stability of oxidation states, sometimes on 

moving from опе metal to a neighbour; thus, for 

iei Fe?* is more stable than Fe ^, especially in 
line conditions, while the reverse is true for 

cobalt. The ability of transition metals to exhibit a 

wide range of oxidation states is marked with metals 

such as vanadium, where the standard potentials can 

be rather small, making a switch between states 

relatively easy- 

In the following questions, a statement of assertion 

followed by a statement of reason is given. 

Choose the correct answer out of the following choices 

on the basis of the above passage. 


(a) Assertion and reason both are correct statements 
and reason is correct explanation for assertion. 
(b) Assertion and reason both are correct statements 
but reason is not correct explanation for 
assertion. 

(c) Assertion is correct statement but reason is 
wrong statement. 

(d) Assertion is wrong statement but reason is 
correct statement. 


Witht 
relative 


9 Assertion Highest oxidation state is 
exhibited by transition metal lying in the 


middle of the series. 
Reason The highest oxidation state exhibited 
corresponds to number of (n -1)d electrons. 
10 Assertion Fe?* is more stable than Fe? 
Reason Fe** has 3a? configuration while Fe? 
has 346 configuration. ' 
ÍÍ. Assertion Vanadium had the ability to 
exhibit a wide range of oxidation states. 


Reason The standard potential of vanadium 
are rather small, making a switch between 
Oxidation states relatively easy. 


Assertion Transition metals like Fe, Cr and 
Mn form oxyions. 


eas Oxygen is highly electronegative and 
4S a tendency to form multiple bonds. 


Assertion The highest oxidation states of the 


3 Н 
a Metals depends only on electronic 
nfiguration of the metal. 


Re 

(n bs The number of electrons in the 

on and ns subshells determine the 
ation states exhibited by the metal. 


t 
ТЇП? 
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ASSERTION and REASON 


B Directions (О. Nos. 14-18) /n the followi 

| AQ. Nos. 14- ollowing questions. an 
Assertion (A) is followed bya corresponding Reason (R) Use the 
following keys to choose the Appropriate answer, 


14 


15 


16 


17 


18 


(a) Both (A) and (R) are correct, (R) is the correct 
explanation of (A), 


(b) Both (A) and (R) are correct, (R) is not the correct 
explanation of (A). 


(c) (A) is correct; (R) is incorrect. 

(d) (A) is incorrect; (R) is correct. 

Assertion (A) Cr” is reducing, while Mn” is oxidising 
even both have d *-configuration. 

Reason (R) Configuration of Cu changes from d? 
tou": 

Assertion (A) KMnO, oxidises oxalic acid to CO, and 
itself changes to Mn” ion. 

Reason (R) KMnO, acts as an oxidising agent 


Assertion (A) Many trivalent lanthanoid ions 
are coloured both in solid state and in aqueous 
solution. 

Reason (R) Colour of these ions is due to the 


presence of f-electrons. 


Assertion (A) The highest oxidation state of osmium 
is +8. 
Reason (R) Osmium is a 5d-series element. 


Assertion (A) Transition metals are good catalysts. 
Reason (В) V,O, or Pt is used in the preparation of 
HSO, by contact process. 


VERY SHORT ANSWER Type Questions 


19 


20 
21 


22 
23 


24 


25 
26 


27 


Why does the transition element scandium (2 = 21) not 
exhibit variable oxidation states? 

Explain the large difference in melting point of Cr 
(1920°C) and Zn(420*C) | 
Calculate the ‘spin only’ magnetic moment of М > (aq) 
ion. (Z =27) 

Why does copper metal not replace hydrogen from acid? 
Why are the E° values of Mn, Zn more negative than 
expected? 

The atomic size of Fe, Co and Ni are nearly same, Explain 
with reason. 

Why Zn?’ salts are white while Ni** salts are blue? 

Out of [Sc(H,O),I°* and[Ti(H,0),|°* ions, which is coloured 
and why? Give reason, 


What factors led to the appearance of colour in the 
transition elements? 
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28 


29 
30 


In chromic acid, (CrO,), Cr has d? configuration but it 15 
bright orange coloured solid, why? 


Draw the structures of manganate ion and 
permanganate ion. 


Write the formula of compound in which transition 
metal is in + 6 oxidation state. 


SHORT ANSWER Туре I Questions 


31 
32 


33 
34 


35 
36 


37 


38 


39 


40 


41 


Reactivity of transition elements decreases almost 
regularly from Sc to Cu. Why? 


Why there is striking similarities (horizontal and 
vertical) among successive members of the transition 


series? | 
Chromium is a typical hard metal while mercury is a 


liquid. Why? 
What happens when 

(i) KMnO, is heated? (іі) K,Cr,0, is heated? 
Why fluorine is stabilises in low oxidation states of 
transition metals? 
Complete the following equations. 

(i) 2MnO; + 5S?" + 16H* —> 

(ii) CO; + 20H —э 


Write the oxidation reaction of iodide to iodate 
ion by potassium permanganate. 

Explain why CrO? ion is a powerful oxidant in 
acidic medium but weak oxidant in basic medium? 
(i) In the titration of Fe?* ions with KMnQ, in acidic 

_medium, dil. H,SO, is used but not the dil. HCl. 
Why? 
(ii) Arrange the following oxides of Mn in the order of 
their decreasing acidic nature. 
MnO, Mn, Оз, Mn; O,,Mn O;, Mn;O;. 

(i) Why Cu* salts are colourless, while Cu?* salts are 
coloured? 

(ii) The elements of d-series exhibit a larger number 
of oxidation states than the elements of f-series. 
Explain. 

What happens when 

(i) H5S reacts with acidified K,Cr,0, solution? 

(ii) ethanol is oxidised with acidified K,Cr,0, solution? 


SHORT ANSWER Type II Questions 


42 


43 


How would you account for the following? 
(i) Copper (1) is diamagnetic, whereas copper (II) is 
paramagnetic, 
(ii) What is the common oxidation state of Cu, Ag, Au? 
(iii) The d'-configuration is very unstable in ions. 


Give examples and suggest reasons for the 
following features of the transition metal chemistry. 


45 


47 


48 


49 


50 


51 
52 


| Allinone | CHEMISTRY Class ty 


of transition metal is Баз. h 


(1) The lowest oxide "i 


highest 18 amphoteric/acidic. 
(ii) Atransition metal exhibits highest oxidation 
state іп oxides and fluorides. 
(iii) The highest oxidation state is exhibited in 
oxoanions of a metal 
Explain the following: " NUM 
ramagnetic character in ransit; 
(i) тшен upto Cr and then decreas 
(ii) Transition metals are very good catalyst, 
(iii) Transition metals form a large number of 
interstitial compounds. 
Chromium is used extensively in steel alloys. It js 
extracted from its ore chromite (FeCr,O, ), which 
contains chromium in +3 oxidation state. 
(i) Give the electronic configuration of the 
elements iron and chromium. 

(ii) What is the oxidation state of iron in chromite? 
value in respect of electrodes of chromium 
(Z = 25) and iron (Z =26) are 
3+ / Mn?* =15V 


The E? 
(2 = 24), manganese 
Cr?^* / Сг2* =- 0.4 V; Mn 
Fet / Fe?* =+ 0.8 V 
On the basis of the above information, compare the 
feasibilities óf further oxidation of their +2 oxidation 
state. 

Write the chemical equations for the following 


reactions: 
(i) Oxidation of nitrite ion by MnO, in acidic 


medium. 
(ii) Acidification of potassium chromate solution. 


(iii) Disproportionation of Mn(VI) in acidic solution. 
Although Cu* does not exist in solution state, but 


СиС1 (s) is formed in the presence of Cl ions in 
aqueous solution of Cu(s) and Cu?*. Explain. 


Which oxoanion (among УОЗ”, CrO% , MnO% or Fe; ) 
is strongest oxidant and which is weak oxidant? 
(i) How KMnO, can be obtained from MnO;, KOH 
and КМО;? 


(ii) K,PtCl, is a well known compound whereas 
corresponding Ni compound is not known. State 


the reason for it. 
Describe the factors on which the stability of an 
oxidation state of lanthanoid elements depends. 


quite reactive 


The first few members of the series are 
mpleté 


They usually form oxides and hydroxides. Co 
the following reactions of lanthanoids. 


(i) Ln Heated with Ny (i) Ln With halogens 


(iii) Ln Burns in O2 
(i) NbF, is paramagnetic while NbX, (X = C. Br, 
are diamagnetic, why? 
(ii) Out of La(OH), and Lu(OH);, which is more 
basic and why? v dui 


1) 


dand f-Block Elements 


54 write the chemical equations for the following 
reactions : | а " 
(i) Disproportionation of Mn | od acidic medium. 
(ii) Disproportionation of MnO," in alkaline medium. 
(ii) Disproportionation of MnOj in acidic medium. 
55 Complete the ж; reactions: 
(i) Mn0,(aq) + 5:03 (aq) + H30 (1) — 
(ii) СО; (aq) + H:S (g)+ H*(aq)—> 
(ii) MnO; (ag) + Fe**(aq)+ H*(aq) — - 


LONG ANSWER Type Questions 


56 (i) Write the steps involved in the preparation of 
(a) K,Cr,0, from Na;CrO,. (b) KMnO; from | 
K,MnO,. 
(ii) What is the effect of lanthanoid contraction on 
the chemistry of the lanthanoids? 


57 (i) Ablackish brown coloured solid A which is an 
oxide of manganese, when fused with alkali metal 
hydroxide and an oxidising agent like KNO,, 
produces a dark green coloured compound B 
which on disproportionation in neutral and acidic 
solution gives a purple coloured compound C. 


|ANSWERS 


1.() 2.(d 3.(b) 4. (с) 

5 (d) This is because of the fact that the difference in the energy 
of (n —1) d electrons and ns-electrons is low which implies 
that electrons from both energy levels can take part in 
bonding. d 

6 (d) Oxygen and fluorine both have small size and high value 
of electronegativity. So, they can oxidise the metal to their 
highest oxidation states. 

Or (c) [MnO]. Here, group number of equals to oxidation 
number of manganese, i.e. 7. 

7 (à) Manganese. 8 (b)Scandium, 


d (0 Higher oxidation state is exhibited by manganese which 
I5 a transition metal lying in the middle of the series. 
Manganese exhibits oxidation states in aqueous solution 
m + 2 to +7. The highest oxidation state corresponds to 

10 e инер of outershell electrons. 

(a) Fe? is more stable than Fe"? because Fe*? has 3d* 
configuration while, Fe*? has 3d5 i.e. half-filled, stable 

й Configuration, 

о ти had the ability to exhibit a wide range of 

iaa. states from +2 to +5. The standard potentials of 

КЫС m are rather small due to stability of У?* as it has 
filled t, g level. 


(b) Mansition metals like Fe, Cr and Mn form oxyions (i.e. 
electrone etek ; CrO% ) oxygen is highly 
Ci Т oe and has a tendency to from multiple bonds 
d) The hi 5 6 valence electrons, 
| ү Ett oxidation states of the 3d metals depends 
number i^ Rod Бу Бар between 3d and 45. It has maximum 
electrons to lose or share (as all the 3d electrons 


12 
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Identify A, BandC and write the reaction 
Ed when compound C is heated to 


(ii) (a) Ej» м2 values for the first series of 
transition elements are given below: 


BM а LE V Cr Mn Fe Co 
M*iM® -0.37 -026 -041 4157 40.77 +197 
шшш E шз Po = 


Identify the two strongest oxidising agents 
in the aqueous solution from the above 
data. 
(b) Copper (I) ion is not known in aqueous 
solution. Explain. 
(c) In this series the highest oxidation state of 
a metal is exhibited in its oxide. Identify the 
metal. 


53 (i) Distinguish the structure of chromate ion 
from that of dichromate ion. 

(ii) Between the dichromates of sodium and 
potassium, which one is preferred for 
oxidising organic compound and why? 

(iii) Give two equations that explains the nature of 
K,Cr,O, as reducing agent. 


are unpaired). The number of electrons in the (n —1)d 
and ns subshells determine the oxidation states 
exhibited by the metal. 

14 (с) Cr** is reducing, while Mn?* is oxidising when both 
have 4* configuration. Cr?* is reducing as its 
configuration changes from d to 2°, the latter having a 
half-filled t; , level. On the contrary, the change from 
Mn?*to Mn* results in the half-filled (d?) configuration 
which has extra stability. Thus, (A) is correct but (R) is 
incorrect. 

15 (a) KMnO, oxidises oxalic acid to CO, and itself changes 
to Mn 2* ion, which is colourless, because KMnO} acts as 
an oxidising agent. 

Both (A) and (R) are correct and (R) is the correct 
explanation of (A). 

16 (a) Many trivalent lanthanoid ions are coloured due to 
the presence of unpaired felectrons in solid state as well 
as in aqueous solutions, Both (A) and (R) are correct and 
(R) is the correct explanation of (A). 

17 (b) Both (A) and (R) are correct but R is not the correct 
explanation of (A). The highest oxidation state of osmium 
is +8 due to its ability to expand their octet by using its 
all 8 electrons (2 from 6s and 6 from 54). 

18 (b) Due to larger surface area and variable valenices, 
transition metals form intermediate adsorbed complex 
easily, hence they are used as good catalysts. Thus, both 
(A) and (R) are correct but (R) is not the correct 
explanation of (A). 

19 Electronic configuration of Sc = 34' 45°, Hence, it shows 
*3as the only oxidation state, 


20 Hint Cr: 34° 45°, Zn :34" 45? 
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21 > Magnetic moment p = Jn(n + 2) BM 
Electronic configuration of M =[Ar]3d7 4s? 
М?* - [Ar] 34? 45" 


so, = n(n + 2) 243042) = 4/15 = 389 ВМ 
22 As copper is less reactive than hydrogen. 


23 Negative E^ values of Mn?* and Zn”* are related to 
stabilities of half filed and completely filled configuration 
respectively. 

26 Hint Addition of electrons in the d-subshell increases the 
screening effect. 


25 Electronic configuration of Zn?*= E °4;° 


Electronic configuration of Ni ?*= 3d? 45° 


Compounds that contains "e electrons are coloured. 


26 Hint Compounds that contains unpaired electrons are 
coloured. 


27 Hint (i) d — d transitions, (ii) Charge transfer. 
28 Due to charge transfer. 


” ү es 
Án. AAN 
o^ I Yo: га 
о 
Manganate НЕС. ы ion 


30 K,MnO, 


32 This is because of the fact that along a horizontal row, - 
electrons enters an incomplete inner shell while outer 
shell remains unchanged. In vertical coloumns, 
similarities are due to similar electronic configurations. 


33 Cr have 3d? 45 . Hence metallic bonds are very strong. 
34 (i) Refer to text on page 153. (ii) K;Cr O, Cr,O, 0; 


35 Hint Fluorine can form only single bonds. 
36 (i) Refer to text on page 154. 
(ii) Refer to text on page 152. 

37 Refer to text on page 154. 

38 Refer to text on page 152. 

39 (i) KMnO, in presence of dil.H,SO, acts as дайда? 
agent and oxygen produced oxidizes ferrous salt to 
ferric salt. 
2KMnO, + 8H,SO, + 10FeSO, — 

K,SO, + 2MinSO, + 5Fe (SO,), + 8H,0 
KMnO, is presence of dil, HCl also acts as oxidising 
agent but oxygen produced is used up partly for 
oxidation of НСІ. 


` 31 Refer to text on page 142. 
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2KMnO, + 4НС1——› 2КС1+ 2МпСІ, + 290+ 6 (oy 
2НС1+ [0] —» H,O+ СІ, 
(ii) Mn,0, > MnO, > Mn,0, > Mn,0, > MnO 
40 (i) Hint Cu’ = 3d" and Cu?* -34*. 
(ii) Refer to text on pages 143 and 160. 
41 (i) Refer to text on page 152. 
(ii) CH,CH,OH+K,Cr,0, —^ CH,COOH (acidified) 
42 (i) Hint Cu* =3d" and Си?* -34* 
(ii) Common oxidation state of Cu, Ag and Au is +1, 
(iii) As after loosing 1 more electron it will become stable, Al 


elements with 4! configuration are either reducing agent 
or undergo disproportionation. 


43 (i) Refer to text on page 151 and 152. | 


(ii) Refer to text on page 142. 
(iii) Refer to text on page 142. 


44 (i) Refer to text on page 143. (ii) Refer to text on page 144 
(iii) Refer to text on page 143. 

45 (i) Refer to text on page 138. 
(ii) Hint Oxidation state of Fe=+2 

46 Hint Order of stability of +2 oxidation state 

= Cr” < Fe?* < Mn” 

47 à) Refer to text on page 154. (ii) Refer to text on page 152, 
(iii) Refer to text on page 153. 

48 Refertotexton page 142.  - 

49 Strongest oxidant = MnO; , weakest oxidant -VOj^ 

50 (i) Refer to text on page 153. 


(ii) This is because Pt** is more stable then Ni** as the sum 
of four ionisation enthalpies of Pt is. use than of Ni. 


51 Refer to text on page 159. 
52 Refer to text on page 159. 
53 (i) Hint. Using Fajan’s rule 
(ii) Hint Size of lanthanoid ions decreases from La?* to Lu’. 
54 (i) Refer to text on page 153. (ii) Refer to text on page 153. 
(iii) Refer to text on page 153. 
55 (i) Refer to text on page 154. (ii) Refer to text on page 152 
(iii) Refer to text on page 153. 
56 (i) (a) Refer to text on page 152. 
(b) Refer to text on page 153. 
(ii) Refer to text on page 158. 
57. (i) Hint A = MnO, (pyrolusite) B = K,MnO, C = KMnO, 
(ii) (a) Ti and V. (b) Refer to text on page 142. 
(c) Manganese 
58 (i) Refer to text on page 152. 
(ii) Hint Potassium 
(iii) Refer to text on page 152, 
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COORDINATION 
COMPOUNDS 


Certain elements, that include mostly transition metals, have exceptional 

ability to bond with other charged or neutral atoms or molecules to form 
addition compounds through coordination bonds. The complex structure, 
thus formed, is known as coordination complex or coordination compound. 


Due to their unusual structure, hence the exceptional properties, 
coordination compounds play prominent roles both in natural and 
industrial processes, which make the study of these compounds, an 
important and challenging area of modern inorganic chemistry. 


[TOPIC 1 


Coordination Compounds : 
Nomenclature and Isomerism 


ADDITION COMPOUNDS 


Vhen two or more stable compounds combine together in stoichiometric | 
Rt, then the compound formed is called addition compound. On the basis 
"f how the addition compounds dissociate, these are classified into two main 
Ypes, namely, coordination compounds and double salts. 


Coordination Compounds 


ddiri ! 

бийи. compounds which exhibit properties completely 
i ПЕРИ i 

tordi uents and retain their identity even in solution state 

ination compounds. 

$ Potassium h 

Blves K* 


different from their 
are called 


exacyanoferrate (II), (К [Fe(CN) 6}, when dissolved in water 
and [Fe(CN) с *" ions in the solution. This solution does not show 


шу А 
Properties of Fe2+ or CN ions. 
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Note 


Complex ions are the ions in which the central metal ion Is bonded 
to one or more molecules or ions. The ion [Fe(CN)g]}" is a complex 
ion. They are also known as coordination complexes because they 
аге Lewis acid-base complexes. The salt of the complex ions are 
called complex compounds or coordination compounds. 


Double Salts 


These are the addition compounds which are stable in 
the solid state but break up into constituents in 
dissolved state. These compounds show some properties 
of their constituent ions too. It contains two salts in 
equimolar ratio which are crystallised together and form 
their saturated solution. 

e.g. Mohr's salt, FeSO4- (NH4)2 S04 :6H5O, when 
dissolved in water gives Fe je NH; and 502- ions and 
shows the properties of these ions during their respective 
tests. 


Difference between double salts and 
coordination compounds 


Double salts Coordination compounds 


They lose their identity in solution. 


They don't completely lose 
their identity in solution. 


They exist in solid state as 
well as ions when dissolved 
in water or any other 
solvent. They don't 
dissociate into simple ions 
completely. 


They exist only in solid state and 
dissociate into ions in aqueous 
solution or in other solvent. 


Their properties are different 
from their constituents. 


Their properties are essentially the 
same as those of its constituent 
compounds. 


In a complex compound or 
coordination compound, 
metal ion satisfies two types 
of valencies called primary 
and secondary valencies. 


In a double salt, metal ions exhibit 
their normal valency. 


e.g. Mohr's salt [FeSO4 - (NH4) 2 SO, 
-6H20] potash alum 
[К25О,„ . Al2(SO4)3 - 24H20], etc. 


WERNER'S THEORY OF 
COORDINATION COMPOUNDS 


Alfred Werner (1866-1919), a Swiss chemist was the first 
to formulate his ideas about the structures of coordination 
compounds in 1898. He proposed the concept of a 
primary valence and a secondary valence for a metal ion. 
Binary compounds such as CrCl3, CoCl, and PdCl; 
have primary valence of 3, 2 and 2 respectively. In a series 
of compounds of cobalt (Ш) chloride with ammonia, it 
was found that some of the chloride ions could be 
precipitated as AgCl on adding excess AgNO; solution in 
cold but some remained in the solution. 


e.g. [Ni(NH3)g]Cl2, 
K 4[Fe(CN)g]. etc. 
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(i) 1 mole of CoCl4 -6NH3 (yellow) gave 3 moles of Agcy 
(ii) 1 mole of CoCl; -5NH3 (purple) gave 2 moles of i 
AgCI. 
(iii) 1 mole of СоС13 -4NH3 (green) gave 1 mole of Agcy, 
(iv) 1 mole of CoCl4 -4NH3 (violet) gave 1 mole of Арс 
On the basis of results of conductivity measurement in 
solution, above observations can be explained, if 
(i) six groups in all either CI” ions or NH3 molecules o 
both remain bonded to cobalt ion during reaction, 
(ii) the compounds are formulated to form a single entity 
which does not dissociate in the reaction condition а; 
Formulation of cobalt (111) chloride-ammonia complexes 


—_ 


Solution conductivity 


Colour Formula corresponds to 
Yellow — [Co(NH3)g] ?* gC- 1:3 electrolyte | 
Purple  [CoCI(NH3)5]°* 2Cl- 1: 2 electrolyte 
Green | [CoCl4(NH3)]* C 1:1 electrolyte 
Violet (CoCla(NHa3),]* СІ7 1: 1 electrolyte 


Note that last two compounds іп the above table have 
identical empirical formula, CoCl5 -4NH 5 but have distinct 
properties. Such compounds are termed as isomers. 
Werner called secondary valence for the number of groups 


bounded directly to the metal ion. In each of the above 
complexes secondary valencies are six. 


Postulates of Werner's Theory 


(i) In coordination compounds, metal has two types of 
linkages (valencies)-primary and secondary in a 
complex. 

(ii) Primary valency is equal to the oxidation number of 
central ion. It is non-directional and ionisable. It is 
satisfied by negative ions, e.g. in CrCl, the primary 
valency is three. 

(iii) Secondary valency is equal to the coordination numbet 
of central atom/ion. It is directional and non-ionisable 
It is commonly satisfied by neutral molecules of 
negative ions and is always fixed for a metal. Each 
metal ion has a fixed number of secondary valency: 
e.g. In[Co(NH4) с ]Cl5, three СІ ions are held by 
primary valency and six NH groups are held by 
secondary valency. They are directed in space ап 


account for shape or structure of a complex ion, ep 
[Co(NH3) ;]?* has octahedral shape. 


‚оп Compounds 
jination 
Coot 


ions or groups bounded by the secondary 
(iv) ae to the metal have characteristic spatial 


ne gements called coordination polyhedra. 
a 


eg Structure of [CoCl (ЧН) ]"Cl is as follows: 


Cl 
; OTEN Prima valen 
Ns. | NYS ry valency 
+ гр ЧН, ——— Secondary valency 
а 


The solid and dotted lines together indicate Cl-atom 
satisfying both primary and secondary valency. 

(x) Werner further postulated that octahedral, tetrahedral 
and square planar geometrical shapes are more 
common in coordination compounds of transition 
metals thus, [Co(NH3) c] ^ ,[CoCI (NH3)5 ]^* and 
[CoCl; (NH3)4 ]' аге octahedral entities, while 
[Ni (CO), Jand [PtCl4 |" are tetrahedral and square 
planar, respectively. 


DEFINITIONS OF SOME 
IMPORTANT TERMS USED IN 
COORDINATION COMPOUNDS 


Coordination Entity 


_ Coordination entity constitutes a central metal atom or 
ion attached to a fixed number of ions or molecules. It 
may be positive, negative or neutral. e.g. [CoCl5 (NH3); ] 
is a coordination entity in which cobalt ion is surrounded 


by three NH3 molecules and three СЇ” ions. Other 


eamples are [Fe(CN) ¢]*, [Co(NH4)& P* , (МСО), ] 
and [PrCl, (NH; )» } 


Central Metal Atom or Ion 


In a coordination entity, the metal atom or ion to which 
a fixed number of ions/groups are bounded in a definite 


bcometrical arrangements around it, is called central 
metal atom or ions, 


МО, (H,0),], [CoCI(NHg)s}** and 
Fe(CN)]3-. Ni?*. Co3+ 


and Fe?* respectively are 
cen . . : І 

tral metal or ions which are also called Lewis acids. 
Ligands 
Molecules ae : 
the "es oF tons which donate a lone pair of electron to 
ions or a or ton are called ligands. These are the 
“ordinate ccutes bound to the central atom/ion through 
Опа in the coordination entity. It is a Lewis 


base. These ma 
molecules such 


Н; NCH;CH; NH, or суеп 


Ligands are classified into three 
charge: 


On the basis of dentici 
groups), ligands are classified as follows: 
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у be simple ions such as CI”, small 
as H20 or NH}, larger molecules such as 
molecules, such as proteins. 


categories on the basis of 


(0 Neutral ligands H,O, CO, NH,, NO, etc. 

(ii) Negative ligands F,C' Br, r,OH^,CN^, 
SOT, etc. 

(iii) Positive ligands NO* , NO; ,NH; — NHj , exc. 

ty (donor sites/number of ligating 


(i) Unidentate When a ligand is bonded through one 
donor site to central metal atom/ion, it is said to be 


unidentate ligand, e.g. CI", CO, NH 3» НО, етс. 


(ii) Didentate or bidentate When a ligand is bonded 
through two donor sites to central metal atom/ion, it 
is said to be didentate ligand, e.g. 1, 2-ethanediamine 
(NH; —CH; —CH; —NH,) or C307 (oxalate), 

etc. 

(iii) Polydentate The ligands which contains three or 

ù тоге donor atoms, are called polydentate ligands, 
e.g. ethylenediaminetetraacetate ion (EDTA*^). It is 
an important hexadentate ligand. 

It can bind through two nitrogen and four oxygen 
atom to a central meral ion, 


., /CH,COO- 
CH,COO- 

‚‚ /CH)COO- 
CH,COO- 


(iv) Ambidentate ligands When a ligand is bonded 
through two different atoms, it is said to be 


ambidentate ligand, e.g. NO, SCN^, CNT 


МО; ion can coordinate either through nitrogen or 
oxygen to central metal ion. 


Similarly, СМ ion can coordinate through sulphur 
or nitrogen atom. 


d О < 
MENG MCO—N=0 
Nitrito-N Nitrito-O 
M SCN M NCS 


Thiocyanato Isothiocyanato 
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(v) Chelating ligands When a di- or polydentate ligand uses 

its two or more donor sites to bind a single metal ion, it is 
called a chelating ligand. The number of such ligating 
groups is called the denticity of the ligand. 
The chelating ligands form more stable complexes than 
the unidentate analogs because when chelation occurs, 
entropy decreases and the process becomes more 
favourable and forms a ring complex which is known as 
chelate ligand or chelating ring. 


eg. CH;—NH) С! 
D 
CH;,—NH) С! 


Structure of [Ptfen)Clo] 


Coordination Number (CN) . 


The total number of ligand donor atoms, attached directly to 
the metal ion in a complex is called coordination number. 


e.g. [Co(NH3)«]*, CN of Co 26 
МСО); ], CN of Ni =4 
[Co(en); P*, CN of Co 23 x2 =6 (~ en is didentate) 
[Fe(C3O4)5 P*, CN of Fe 233x226 | 
e C507* is didentate) 
[р:С1 27, CN of Pr=6 
[Ni(NH4)4 P*, CN of Ni 24 
(pi) bonds, if formed between the му and the central 
atom/ion, are not counted for the coordination number. 


The coordination number is determined only by the number 
of sigma (с) bonds formed by the ligand with atom/ion. 


Coordination Sphere and Counter Ions 


The central atom/ion and the ligands attached to it are 
enclosed in the square bracket and are collectively known 
as coordination sphere. The ionisable groups are written 
outside the bracket and are known as counter ions or 
ionisation sphere, e.g. in К4[Ре(СМ№) с], the coordination 
sphere is [Ее(СМ)(;] 4- and the counter ion is 4 К“. 


Coordination Polyhedron 


It is the spatial arrangement of the ligand atoms which are 
directly attached to the central atom/ion. The most common 
coordination polyhedra are octahedral, square planar and 
tetrahedral. 
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c.g. [Co(NH4) c * is octahedral, [Ni(CO), ] is 


tetrahedral and [PtCl, J27 is square planar. 


L 
EE, EPN L K | ne I 
% | Fi А, Гы 
; | H 
{ LZ. 4.7L Е 
LM 1 ppm 
Octahedral Tetrahedral Square planar 
A ec D bxc. 
я d L [Oy 
Trigonal bipyramidal Square pyramidal 


—«a = Bond towards observer 
wut! = Bond away from observer 
Shapes of different coordination polyhedra, where, Mis 
central atom/ ion and / is a unidentate ligand 


Charge on the Complex Ion 


The charge carried by a complex ion is the algebraic 
sum of the charges carried by the central metal ion and 
the toral ligands attached to the central metal ion. eg. 
In the complex ion, [Ag(CN)2] , Ag” ion carries а 
charge of +1 and each СМ ion carries a charge of -1 
Therefore, the net charge on complex ion [Ag(CN);] 
is one negative (+1—2 =—1). 


Oxidation Number of Central Atom 


Oxidation number of central atom in a complex is 
defined as the charge it would carry when all the ligands 
are removed along with electron pairs which are shared 
with central atom. The oxidation number is represented 
by a Roman numeral in parenthesis following the name 
of the coordination entity. 

e.g. In[Cu(CN), am oxidation number of Cu is +1 
and it is written as Cu(I). Oxidation number of central 


atom is a charge on central atom. 
аан) 


=ne а А 


— 


UJ Homoleptic and Heteroleptic Complexes | 


Complexes in which a metal is bound to only one kind of 
donor groups, e.g. (Co(NH3), P* are known as homoleptic 
complexes. Complexes in which a metal is bound to more 
than one kind of donor groups, e.g. [Co(NH;)4Cl;]" are 


шоп Compounds 
г 
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CLATURE OF 
yOMESINATION COMPOUNDS 


(0 | and names adopted for the coordination 
fie formu based on the recommendations of the 

ities Are al Union of Pure and Applied Chemistry 
pen he rules for the nomenclature of coordination 


А pounds are as follows: 
com 


| 


formulae of Mononuclear 
Coordination Entities 
formula of a compound is a shorthand tool used to 
" basic information about the constitution of the 

Ja ж in a concise and convenient manner. 
Nonudear coordination entities contain a single 

o 
on metal atom. 
Following rules are applied while writing the formulae: 
0 


The 


() The central atom is listed first. 
(i) The ligands are then listed in alphabetical order. The 


placement of a ligand, in the list does not depend on 
its charge. | 
(ii) Polydentate ligands аге also listed alphabetically, In 
case of abbreviated ligand, the first letter of the 
abbreviation is used to determine the position of the 
ligand in the alphabetical order. | 
(iv) The formula for the entire coordination entity, 
whether charged or not, is enclosed in square - 
brackets. When ligands are polyatomic, their 
formulae are enclosed in parentheses. Ligand 
abbreviations are also enclosed in parentheses. 
(t) There should be no space between the ligands and 
the metal within a coordination sphere. 
! (i) When the formula of a charged coordination entity is 
to be written without that of the counter ion, the 
| “arge is indicated outside the square brackets as a 
right Superscript with the number before the sign. 


à *& СМ) с}, [C(H, О) р», ек 
vi) The charge of the cation(s) is balanced by the charge 
f the anion(s) 


= 


рде; | 
бас B 2004, recommends that ligands will be sorted 
у. Charge has no role in it. 


Д А 
Naming of Mononuclear 
‘dination Compounds 


mpounds are derived by 
ditive nomenclature, i.e. the 
tral atom must be identified 
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They аге listed as prefixes to the name of the central 
atom along with any appropriate multipliers. 


The following rules are used whil 


е naming coordination 
compounds: 


(i) The cation is named first in both positively and 
negatively charged coordination entities. 

(ii) The ligands are named in an alphabetical order 
before the name of the central atom/ion. (This 
procedure is reversed from writing formula). 

(iii) Names of the anionic ligands end in -‘o’, those of 
neutral and cationic ligands are the same except a 
for H20, ammine for М№Н;, carbonyl for CO and 
nitrosyl for NO. These are placed within enclosing 
marks (). 

(iv) Prefixes mono, di, tri, etc., are used to indicate the 
number of the individual ligands in the coordination 
entity. When the names of the ligands include a 
numerical prefix, then the terms, bis, tris, tetrakis are 
used, the ligand to which they refer is placed in 
parenthesis. e.g.[NiCl, (PPh 3) ] is named as 
dichlorobis- (triphenylphosphine)nickel(TI). 

(v) Oxidation state of the metal in cation, anion or neutral 
coordination entity is indicated by Roman numeral in 
parenthesis. 

(vi) If the complex ion is a cation, the menal is named 
same as the element, e.g. Co in a complex cation is 
called cobalt and Pt is called platinum. 

If the complex ion is an anion, the name of the metal 

ends with the suffix—‘ate’, e.g. Co in a complex 

anion, [Co(SCN); p" is called cobaltate. For some 
metals, the Latin names are used in the complex 
anions, e.g. ferrate for Fe. 

(vii) The neutral complex molecule is named similar to thar 

of the complex cation. e.g. 

* [P(NH3); CI(NO,)] is named as 
Diamminechloridonitrito-N-platinum(11) 

* K4[Cr(C50, )з ] is named as 
Potassium trioxalatochromate(II1) 

* [CoCl; (en); ЈСІ is named as 
Dichloridodis-(ethane-] »J-diamine)cobalt (111) 
chloride 

* [Cr(NH3)3 (H30); ICl, is named as 
Triamminettiaquachromium(1ll) chloride 

Ы [Co(H5 МСНСН; NH); h (504), is named as 
tris-(ethane-1,2-diamine) cobalt(III) sulphate 
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EXAMPLE [1| Write down the IUPAC names of the 
following coordination compounds. 
- (i) [Co(NH3) CCl. 
(ii) K;[PdQ,, } 

Sol (i) [Co(NHs),CI]Cl, 

х + (0) х5 +(-1) х1+(-1)х2=0 
t. x+0-3=0 
x= +3 

So, the name of the complex is 
pentaamminechloridocobalt (Ш) chloride. 


K;[PdCl, 


NCERT Intext 


(ü) 


Let the oxidation state of Pd is x. 
(+1)2+x+(-1)4=0 
2+х-4=0 
= x=+2 
So, the name of the complex is 
potassiumtetrchloridopalladate (0). 


EXAMPLE |2] Write the formulae for the following 
coordination compounds. j 
(i) Tetraamminediaquacobalt(IIT) chloride 
(ii) Potassium tetracyanonickelate(IT) 
(iii) Tris (éthane-1, 2-diamine) chromium(III) chloride 
(iv) Amminebromidochloridonitrito-N-platinate(IT) 
(v) Dichlorido bis-(ethane-1, 2-diamine) platinum(IV) 
nitrate 
(vi) Iron(III) hexacyanoferrate(IT) NCERT Intext 
Sol (i) Tetraamminediaqua cobalt (Ш) chloride 
Ligand Metal Counter ion 


ш 
[Co(NH3),(Hz0)]Cl, 
To find the value of x, we have to find the charge on 
the complex. 


Ш 
[CoNH3)4(H O);] 
= +3+4х0+2х0= х 
х=+3 
So, the formula of the complex is 
[Co(NH3)4(HO),]Cl3. , 
„у Potassium  tetracyano nickelate (II) : 
ш Counter ion Ligand Metal БАЦИ 
* To find the value of x, find the charge on the 
complex. 
[Ni(CN),]*~ (as К? is positive) 
+24+(-1)x4=-x 
-х=-2 or x=+2 
So, the formula of the complex is K?[Ni(CN)4]. 
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Similarly, 

(iii) [Cr(en)3]Cls 

(iv) [P(NH5) BrCl (МОЈ) 
(v) [PtCla(en)2](NO3)2 
(vi) Fe, [Fe(CN);]s 


ISOMERISM IN COORDINATION 
COMPOUNDS 


Two or more compounds having the same molecular 
formula but different arrangement of atoms are said to 
exhibit isomerism. They differ in one or more physical or 
chemical properties. 

Two major types of isomerism are known among 
coordination compounds. These are as follows: 


1. Structural Isomerism 


The coordination compounds having same chemical formyl, 
but different structural arrangement are known as structurj 
isomers. These isomers have different bonding pattern. It i 
further subdivided into following two types : 


Linkage Isomerism 
It is shown by the coordination compounds containing 
ambidentate ligand such as NO2, SCN, etc. SCN can bind 
to metal through N and $ as M—NCS and M—SCN, 
respectively. Similarly, NO can bind either by N or by 0 
of NO, e.g. 

[Co(NH3 )3 (NO, Jl Cl; and [Co(NH3 )з ONOJCl, . 

ll 


Yellow Blue 
Coordination Isomerism 


It arises from the interchange of ligands between cationic 
and anionic entities of different metal ions present in a 
complex, e.g. [Co(NH3)6] [Cr(CN) с] in which the 
NH; ligands are bound to Co?* and the CN™ ligand 
to Cr?* and іп its coordination isomer, [Cr(NH3)¢] 
[Co(CN)], the NH; ligands are bound to Cr?* and 
CN ligands to Co?^* , Similarly, [Pt(NH3)¢ РСМ] 
shows coordination isomerism. 


Ionisation ISomerism 


It aríses when compounds give different ions in the 
solution although they have same composition. It arises | 
when the counter ion in a complex salt is itself a poten" 
ligand and can displace a ligand which can then become 
the counter ion, e.g. T 
[Co(NH3)5 SO, Вг and [Co(NH3)5Br]SO4: 
(Red) (Violet) 


Jination Compounds 
coo" | 


т отегіѕт or Solvate Isomerism 
a 


x omerism arises in case Where water is 
fhis W as a solvent. Solvate isomers differ by whether 
vol" solvent molecule is directly bonded to the 
үп Е or merely present as free solvent molecules in 
"T ut lattice, e.g. aqua complex (Cr(H;O)c]CI, 
whe and its solvate isomer (СНО); Сс, Н›О 

) 


ioler) 
, green). 


з Stereoisomerism 


rdination compounds having same molecular as 
dias structural formulae but different arrangement in 
"in the polyhedral are called stereoisomers, This 
inetd is called stereoisomerism. It is further 
abdivided into two types: 
ceometrical Isomerism 


Heteroleptic complexes with coordination numbers 
{алі 6 show this type of isomerism. It arises due to 
the difference in the geometrical arrangement of the 
ligands around the central metal ion. When same 

- ligands occupy the adjacent position in the polyhedra, 
itis known as cis-isomer whereas when same ligands 
occupy the opposite position in the polyhedra, it is 

+ known as trans-isomer. 
Asquare planar complex of the type[ MX 2L,](XandL 

| ueunidentate) shows these two geometrical isomers, e.g. 


HN | ^0 HN. | „© 
[ыык Nal ak) “SNH; 


cis-isomer trans-isomer 
Geometrical isomers of [Pt(NH3)oClo] 
Note 


isomer of РІ(МНЗ) СІ, is also known as cis-platin which is 
âs an anticancer drug in the chemotherapy process of 
“acer treatment. 


г Other Square planar complex of the type [MABXL] 

are unidentate) shows three isomers-two cis and 
"s. Such isomerism is not possible in a 
Complexes but similar behaviour or 

is possible in octahedral complexes of the 
бор 4 Jin which two ligands X may be oriented 


NI tra 


Mer ism 


: trans-isomer 
Ometricat isomers of [Co(NH СЬ? 


ans to each other, e.g. 
HN + Cl Г 
HN С нм | own 
ben M Qu: 
ee [HN [Wt 
| FN Cl 
| isomer 
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Oct inati i 
nr уы Coordination entities of the type [Ма у, | 
$ geometrical isomerism, When three donor atoms of 


"id ligands are occupying adjacent Position in the 
polyhedra, it is known as facial (fac) isomer, 


NH; HN 
2 dl zz NH, нм, | МО, 
Ом. МН, ON | “уо, 
2 HN 
Fac mer 


Facial (fac) and meridional (mer) 


Isomers of [Co(NH 3)3 (N02)41 
Hence, these isomers 
chemical properties, 
Note 


Tetrahedral complex does not show geometrical isomerism because 
the relative positions of unidentate ligands attached to the central metal 
atom are the same with respect to each other. 


differ in one or more physical or 


Optical Isomerism 


The compounds which do not have a plane of symmetry 
show optical isomerism. The optically active isomers have 
non-superimposable mirror images or which cannot be 
superimposed on one another and the molecules which 
cannot be superimposed are called chiral. 

The two forms called dextro (d) or laevo (/), depending 
upon the direction they rotate the plane of polarised light 
in a polarimeter, are called enantiomers. 

The isomer which rotate the plane of polarised light to the 
right is called dextro (d) rotatory whereas the isomer which 
rotate the plane of polarised light to the left is called laevo 
(/) rotatory. 

An equimolar mixture of dextro (d) and laevo (I) rotatory 
isomers is called racemic mixture. Optical isomerism is 
commonly shown by the octahedral complexes involving 
didentate ligands. 


e.g. For [Со(еп)з pt two isomers can be represented as : 


осы + 
быш [9 ito) м 
e M 


dextro Miror laevo 
Optical isomers of (Colen) 1? * 
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In a coordination entity of the type [PtCl; (en)? Y^ , only 
the cis-isomer shows optical activity. 


E dene: Gans 
5 


v. 
Di: ы, 
aaa 
dextro Mirror laevo . , 
Optical isomers of IPtClo (en); Y?*. 


Some examples of octahedral complexes showing optical 
isomerism are given below: 


@ Type [M(A4)3] 
eg. [Co(en); P* ‚[Сг(ох)з p- И 


ай Нр egress CP A 
ox OX ' 
' laei 
dextro Miror evo 
Optical isomers of ЇСг(ох)з p- 


| TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 
1. How many ions are produced from the complex 
[Co(NH3)5Cl] СІ; in solution? All India 2020 
(a) 4 (b) 2 
(c) 3 (d) 5 


2. When 1 mole of CrCl4: 6H;Oís treated with excess 
of AgNO;, З moles of AgCI are obtained. The 
formula of the complex is NCERT Exemplar 
(a) [CrC14(H20)4]-3H;O 
(b) [CrC12(H 20), ]CI - 2H;O 
(c) [CrCI(H 20)5]CI; е H,0 
(d) [Cr(H20);]Cl; 

3. Achelating agent has two or more than two 
donor atoms to bind to a single metal ion. Which 
of the following is not a chelating agent? 


(a) Thiosulphato NCERT Exemplar . 


(b) Oxalato 
(c) Glycinato 
(d) Ethane-1, 2-diamine 


| All/sone | CHEMISTRY Clas jj. 
(ii) Type LM(44)2 Хз)" or [M(A4)2 XY T" | 


eg. cis-[Co(en)2 Cl; ]* , cis-[Pe(en)2 Cl; *; 
cis-[Cr(ox) ; Cl2 | Е 


N 


dextro Mirror laevo 
Optical isomers of [Co(en)a Clo] 
(iii) Type [M(AA)X5Y5] 


eg. [Co(en (NH3); Cl] 


en 2 Co у ; Co Н еп 
Уру, HN 
МН» i NH3 
dextro Mirror laevo 


Optical isomers of ІСо(“Нз )г(еп)С12] 


4. The stabilisation of coordination compounds due 
to chelation is called the chelate effect. Which of 
the following is the most stable complex species? 
(a) [Ее(СО);] NCERT Exemplar 


(b) [БСМ] — — 
(c) [Fe(C904)]^7 
(d) [Fe(H50);]^* 


5. The formula of the coordination compound 
tetraammineaquachloridocobalt(III) chloride is 
(a) [Co(NH3)4(HO)CICly CBSE SQP 202! 
(b) [Co(NH 3)4(H20)CI]CI4 
(c) [Co(NH 4)? (H2O)CI]Clo 
(d) [Co(NH4)4(H2O)CI]CI 


б. IUPAC name of [Pt(NH3);CI(NO;)] is 


(a) Platinum diaminechloronitrite NCERT Exempli! 
(b) Chloronitrito-N-ammineplatinum (ЇЇ) 

(c) Diamminechloridonitrito-N-platinum (II) 

(d) Diamminechloronitrito-N-platinate (ll) 


Co ordination Compounds 


ye to the presence of ambidentate ligands 
А a dination compounds show isomerism. 
palladium complexes of the type 
at CgHs)2(SCN)al and [Pd(CgHs)(NCS)2] are 
NCERT Exemplar 
(b) coordination isomers 


(a) linkage isomers 
(d) geometrical isomers 


(c) jonisation isomers 
8. The compounds [Co(SO4) (NH3)s]Br and | 
[Co(S04)(NH3)s5]Cl represent NCERT Exemplar 
(a) linkage isomerism (b) ionisation isomerism 

(c) coordination isomerism (d) no isomerism | 


9, What kind of isomerism exists between 

[Cr(H20)e] Cl з (violet) and [Cr(H50)sCI]CI; -H50 
(greyish-green)? NCERT Exemplar 
(a) Linkage isomerism (b) Solvate isomerism 


(c) Ionisation isomerism (d) Coordination isomerism 


{0. Indicate the complex ion which shows 


geometrical isomerism. NCERT Exemplar 
(a) [Cr(H20), Ch] (b) [Pt(NH3)3Cl] 
сону] * (d) [Co(CN)s(NC)] ^ 


VERY SHORT ANSWER Type Questions 


ЇЇ. How many ions are produced from the complex, 
Co (NH3)gCl; in solution? NCERT 


12. When a coordination compound CrCl36H,0 is 


mixed with AgNO3, 2 moles of AgCl are 
precipitated per mole of the compound, write 
structural formula of the complex. All India 2019 


ЇЗ, What is the difference between a complex and a 


double salt? All India 2019 


И. Write the oxidation number of cobalt in 
K[Co(CO),]. 


fs. Write the coordination number and oxidation 


State of platinum in the complex [Pt(en); Clo! 
CBSE 2018 


NCERT 


16, w 
Write the IUPAC name of the complex 


ICr(NH;), сја. Delhi 2014 


17. 


18. 


177 


Write the IUPAC name of Ka[Fe(C50,),] 


Delhi 2013 C 
Write the IUPAC name of the complex : 


[Coc] + 
2(en);] All India 2017 


“Н ometrical і 
Ow many geometrical isomers are possible in 


20. 


me following coordination entities? 
(0 [Cr(C204)317 (Gii) [Co(NH;)4CI]. Ncert 


Why is geometrical isomerism not possible for 


‚ tetrahedral complexes? 


24. 


`22; 


2З. 


Why is optical isomerism not shown by square 
planar complexes? 

What type of isomerism is exhibited by the 
complex [Со(еп) з]*? Delhi 2014 


Which of the following is more stable complex 
and why? 


[Co(NHg)g]**and [Co(en)3]* pemizo14 


SHORT ANSWER Type I Questions 


24. 


25. 


26. 


27. 


FeSO, solution mixed with (NH); SO, solution in 
1:1 molar ratio gives the test of Fe^* ion but 
CuSO, solution mixed with aqueous ammonia in 
1:4 molar ratio does not give the test of Cu?" ion. 
Why? NCERT 


Aqueous copper sulphate solution 
(blue in colour) gives 
(i) a green precipitate with aqueous potassium 
fluoride. 
(ii) a bright green solution with aqueous 
potassium chloride. 


Explain these experimental results. NCERT 


A coordination compound СтСІз`490 
precipitates silver chloride when treated with 
silver nitrate. The molar conductance of its | 
solution corresponds to a total of two ions. Write 


the structural formula of the compound and 
name it. NCERT Exemplar 


Using IUPAC norms, write the formulae for the 


following : 
(i) Sodium dicyanidoaurate (I). 
(ii) Tetraamminechloridonitrito-N-p 


sulphate. 


latinum (IV) 
All India 2017 
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28. Using IUPAC norms, write the formulae for the 
following: 
(i) Potassium trioxalatoaluminate (111) 
(ii) Dichlorido-bis-(ethane-1, 2-diamine) cobalt(III) 
29. What is the coordination entity formed when 
excess of aqueous KCN is added to an aqueous 
solution of copper sulphate? Why is it that no 
precipitate of copper sulphide is obtained when 
H5S(g)is passed through this solution? NCERT 
30. Name the type of isomerism when ambidentate 
ligands are attached to central metal ion. Give 
two examples of ambidentate ligands. 
NCERT Exemplar 
31. Amongst the following, the most stable complexis 
(i) Fe(H;0)g]** (ii) [Fe(NH3)g]°* 
(iii) [Fe(C;O4)sP- (0%) [FeCIgI" 'NCERT 


32. Using IUPAC norms, write the formulae for the 
following: 
(i) Potassium tri(oxalato) chromate (III) 
(ii) Hexaammine platinum (IV) 
(iii) Tetrabromidocuprate (II) 
(iv) Pentaaminenitrito-N-cobalt (III) NCERT 
33. (i) Write the IUPAC name of the following complex. 
[Cr(NHa); С (en)]Cl (en = ethylene diamine) 
(ii) Write the formula for the following complex. 
Pentaamminenitrito-O-cobalt (Ш) Delhi 2015 
34. (i) Write the IUPAC name of the following 
complex. 
[Co(NHg)sCIf * 
- (ii) Write the formula for the following complex. 


Potassium tetrachloridonickelate(II) 
All India 2015 


35. Write the IUPAC name of the complex 
[Cr(NH3)4Cl]*. What type of isomerism does it 
exhibit? All India 2014 


36. Give the evidence that [Co(NH3)sCI]SO4 and 


[Co(NH3)5SO4]Cl are ionisation isomers. 
NCERT Intext 


37. Write all the geometrical isomers of 
{Pt(NH3)(Br)(Cl)(py)] and how many of these will 
exhibit optical isomers? : NCERT 

38. CoSO4Cl-5NH; exists in two isomeric forms ‘A’ 
and ‘B’. Isomer ‘A’ reacts with AgNOs to give 
white precipitate, but does not react with Васі». 
Isomer 'B' gives white precipitate with ВаС1; but 
does not react with AgNO3. 


39. 
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Answer the following questions. 
(i) Identify ‘A’ and 'B' and write their structura 


formulae. 
(ii) Name the type of isomerism involved, 


(iii) Give the IUPAC name of ‘A’ and 'B'. 
NCERT 
Exempla, 


Acomplex of the type [М (A4)2 X2]"* is known to 


be optically active. What does this indicate aboy 
the structure of the complex? Give one example. 


_ of such complex. NCERT Exempla, 


SHORT ANSWER Type II Questions 


40. 


41. 


42. 


43. 


45. 


46 


47 


Explain the bonding in coordination compoung, 
in terms of Werner’s postulates. NCERT 
Explain with two examples each of the following 
Coordination entity, ligand, coordination number 
coordination polyhedron, homoleptic and , 
heteroleptic. NCERT 
What is meant by unidentate, didentate and 
ambidentate ligands? Give two examples for 
each. : NCERT 
Specify the oxidation number of metal in the 
following coordination entities. NCERT 
(i) [Co(H;O)(CN)(en»P* (ii) [CoBr,(en))]* 
(iii) [PtCI4P ^ 


. Using IUPAC norms, write the formulae for the 


following: 
(i) Tetrahydroxozincate(II) 
(ii) Potassium tetrachloridopalladate(II) 
(iii) Diamminedichloridoplatinum(II) 
(iv) Potassium tetracyanonickelate(IT) 
(v) Pentaamminenitrito-O-cobalt(III) 
(vi) Hexaamminecobalt(III) sulphate NCERT 


Using IUPAC norms, write the systematic names 
of the following: 

(i) [Ni(NH3)g]Ch (ii) [Co(en)3]** 
(йй) [Ni(CO),] N 


Write the IUPAC name of the following 
coordination compounds. 
(i) [Cr(NH3)sCls] (ii) K3[Fe(CN)s! 
(iii) [CoBr,(en))]* | | 
(en = ethylene diamine) Delhi 2013 
Using IUPAC norms, write the systematic names 
of the following. 
(i) [Co(NH3)glCla (ii) [Pt(NH4))C(NH2CHs)I@ 
(iii) [Ti(H2O)g]9* | NCERT 


- sation Compounds 
i 


Coordin 


using IUPAC norms, write the formulae for the 


following: 
ф Sodium? 
ü) Ti-(ethane-1,2-diamine) chromium (III) chloride 
Hexa-aquachromium (III) chloride 


nexafluoridosilicate (IV) 


(ii) 
Draw the structures of optical isomers of 

P (i) 1С:(С204 P" (ii) [PtCl;(enpP* 

(i) [NH Cle) NCERT 


praw all the isomers (geometrical and optical) 


50. 
of 
(i) [CoCl,(en)]” @) [Co(NH3)Cl(en),** 
(iii) [Co(NHa)o Cb (en) 
c, Write the types of isomerism exhibited by the 


following complexes. . 
(i) [Co(NHg)sCl]SO4 (0) [Co(en)g?* 


(iii) [Co(NH3)g] [Cr(CN)e] 


NCERT 


Delhi 2013 


[79 


32. What type of isomerism is exhibited by 
[Co(NH3)4CL;]* Br? Write the structures of the 


possible isomers and the state of hybridisation 
of the central metal atom. Delhi 2013 C 


LONG ANSWER Type Questions 


53. List various types of isomerísm possible for 
coordination compounds, giving an example of 


each. NCERT 
54. Indicate the types of isomerism exhibited by the 


following complexes and draw the structures for 
these isomers. 


(i) K[Cr(H,0),(C,04 y] 
(ii) [Co(en)3] Cl, 
(ii) [Co(NHs);(NO,)](NO3), 


(iv) [Pt(NH3)(H,0)Ch] NCERT Intext 


HINTS AND EXPLANATIONS 


1. (c) Total three ions are produced from the complex 
[Co(NH4)5CI] Cl; in solution. The ions are 


[Co(NH3),Cl]?* and 2 СГ. 

2. (d)1 mole of AgNO; precipitates опе free chloride ion (CI). 
Here, 3 moles of AgCl are precipitated by excess of 
AgNO . Hence, there must be three free Cl” ions. 

So, the formula of the complex can be [Cr(H20),]Cl; and 
correct choice is (d). 1 

3. (a) A chelating ligand has two or more binding donor 

atoms to a single metal ion. i 


eg. О 

| ee е МН <— 
T ot 77 NH, CH, А 
ү, сн; 0 
C-O:—  ^c-Qi— CH. 

/ 9 | ' NH;— 

0 o i 

Oxalato Glycinato Ethane-1, 2 diamine 


Here (є) denotes binding site. 
Thiosulphato (5,02-) is not a chelating ligand because 


&ometrically it is not favourable for 5,02 to chelate а 
Metal ion, 


4, 
(©) Chelation (formation of cycle by linkage between 


etal ion е “ts ge b 
compound, е ligand) stabilises the coordination 


The ligand which chelates the metal ion are known as 
chelating ligand. 
Here, only [Fe(C,0,)3]*" is a coordination compound 
which contains oxalate ion as a chelating ligand. Hence, 
it stabilises coordination compound by chelating Fe?" ion. 
5. (a) The formula of the coordination compound 
tetraammine aquachloridocobalt (Ш) chloride is 
[Co(NH3),(H,0) CI]Cl, while writing the formulae, the 
central atom is listed first and the ligands are listed in 
alphabetical order. 
6. (c) Correct IUPAC name can be written as 

The ligands present in the given coordination compound 
are 
(i) (NH3) represented as amine 

(ii) CI? represented as chlorido 

(iii) NO} represented as nitrito-N 
According to IUPAC rule, ligands are named in an 
alphabetical order before central atom. Prefex di-will be 
used to indicate the number of NH, ligands present. 
Oxidation state of metal is indicated by Roman numeral 
in parenthesis. 


So, IUPAC name will be 
diamminechloronitrito-N-platinum (ll) 
Hence, option (c) is correct. 

7. (а) The ligand(s) which has two different bonding sites 
are known as ambident ligands e.g. NCS, NO, etc. 
Here, NCS has two binding sites at N and S. Hence, NCS 
(thiocyanate) can bind to the metal ion in two ways 


M & NCS or M 2 SNC 
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Thus, coordination compounds containing NCS 

as a ligand can show linkage isomerism, 

i.e: [Pd(CgHs)2(SCN),] and [Pd(C4H;);(NCS);] are linkage 
isomers. 

Hence, correct choice is (a). 


8. (d) Compounds having same molecular formula but 
different structural formula are known as isomers. 


[Co(SO, )2(NH3)s]Br and [Co(SO, )(NH3)5]Cl have not 
same molecular formula. Hence, they are not isomers. 


9. (b)Solvate isomerism is shown when two compounds 
having same molecular formula differ by whether a 
solvent molecule is directly bonded to metal ion or is 
present as free solvent molecules in the crystal lattice. 
When water is present as solvent and show this type of 
isomerism then it is known as hydrate isomerism. 
Coordination compound [Cr(H;O)4]Cl4 and [Cr(H20), СІ] 
H,0-Cl, are solvate isomers, because water is exchanged 
by chloride ion. This is why both of them show different 
colour on exposure to sunlight. 

10. (a)[Cr(H;O), Cl;] shows geometrical isomerism because 
it is a MA 4B» type coordination compound which 
contains two set of equivalent ligands, four H,O and 2 Cl. 
Hence, the possible geometrical isomers are 


da cl 
H,0~.-|--H,0 Ho. | Va | 
Cr Cr 
H,O~ 1 ^"H,o H,O~ | “н,о 
c H,O 
trans-isomer cis-isomer 


Hence, correct choice is (a). 


11. The complex will dissociate in aqueous solution to 
produce three ions. 
Co(NH3)6Clz(ag) —> [Co (NH3)6]”* + 2C17 

12. When one mole of CrCl36H,O is mixed with AgNO3, 
two moles of AgCl are precipitated which indicates that 
two ionisable chloride ions in the complex are present. 
Hence, its structural formula is (CrCI(H25O)5] СІ,.Н,0. 

13. Double salt is a combination of (+)ve and (-) ve ions, 
which completely dissociates into its ions, when : 
dissolved in water. Whereas complex is a salt, in which 
molecular structure of complex ion retain itself in 
aqueous solution, i.e. donot dissociates into its ions 
completely. 


14. K[Co(CO),} 1+х+4х(0)=0, x--1 


15. Coordination number of platinum in the complex, 
[Pt(en);Cl;] is 6 as en is a bidentate ligand. Let the 
oxidation state of Pt is х. 

5 x+0+2(—1)=0 
= х=+2 
Thus, oxidation state of Pt is + 2 
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16. Tetraamminedichloridochromium(III) chloride, 

17. Potassium trioxalatoferrate (III). | 

18. The IUPAC name of the complex [CoCl; (en), ]* is | 
dichloridobis (ethane-1, 2- diamine) cobalt (IIT) ion, 


19. (i) No geometrical isomer is possible. 
(ii) Two geometrical isomers are possible for 


[Co(NH3)4Cl;]. 
"9 | ja 
Cl NH H3N Cl 
реп) ошодо | 
d^ | “мн d^ | ^a | 
Cl NH | 
Facial (fac) Meridional (mer) | 
20. Because relative positions of ligands attached to central 
metal atom are the same with respect to each other. 
21. Because square Pane complexes contain a plane of 


symmetry. 
22. Complex [Co(en)3]*? shows optical isomerism. 
23. [Co(en),]** is more stable complex because of chelation. 


24. When FeSO, and (NH, ),80; solutions are mixed in 1:1 


molar ratio, Mohr’s salt (a double salt) is formed. 
FeSO, (aq) + (NH4);SO4(aq) —> 
FeSO, * (NH, )2 S04 `6 H,0 


FeSO, - (NH4),SO, - 6H;O «== Fe?*(aq) 
2МН (aq) + 2S0? (aq) 6 H;0 


Because Fe?* ions are formed on dissolution of Mohr's 
salt, its aqueous solution gives the test of Fe^*ions. 
But when CuSO, is mixed with ammonia, following 

‚ reaction occurs : | 


CuSO, (aq) +4NH3(aq)—— [Cu(NH3), ]5О, 
This complex does not produce Cu” ion, so the solution 
of CuSO, and NH; does not give the test of Cu* ion. 
25. Aqueous copper sulphate (blue) is [Cu(H5O),]SO,. 
[Cu(H,0),]SO, — [Cu(H,0),]**+ 5027 
Blue 
[Cu(H50), ]2+іѕ a labile complex in which H,O не P 
easily replaced by F^ ions of KF and by СЇ ions of Ka. 
(i) [Cu(H20), ] (ад) +4 F(aq) — [CuF;] + 49:0 
Green ppt 
(i) [Cu(H0), (а) + 4CI (ад) — [CuCl]? +4 H0 
(Bright green pp!) 
26. Formation of white precipitate with AgNO; shows that 
atleast one CI” ion is present outside the coordination о 
sphere. Moreover, only two ions are obtained in soluti 
so only one СЇ” is préseht outside the sphere. 


jination Compounds 
at 
or 


C 
the formula of the complex is [Cr(H;0), CI „JCI 


Thus TUPAC name is tetraaquadichloridocobalt (Ш) 


and its 


chloride. Ў è , 
0 Nal Aw(CN);] - Sodium dicyanidoaurate (I). | 


ii) (Pt (ЧН) СЇ(МО;)] SO,-Tetraamminechlorido 
il) nitrito-N-platinum (IV) sulphate 
) Potassium trioxalatoaluminate (Ш) K3[AI(C40, 4] 
28 Dichloridobis (ethane-1, 2-diamine) 2 
i cobalt (III) [CoCl;(en) al 
When excess of KCN(aq) is mixed with CuSO,(aq), 
29 a complex named potassium tetracyanocuprate (II) is 
ned. Since, CN” ions are strong ligands, the complex 
is quite stable. It is еш from the value of stability 
constant (K = 2.0x 10°’). 
sKCN(aq) + CuSO, (aq) — 
(Excess) 


27 


[оп 


(Soluble) 


е Н,5 n { 

No cleavage and no production of Cu*tions. 
30. Ligands having more than one different binding position 
are known as ambidentate ligands. e.g. SCN has two 
different binding positions S and N. 
Coordination compounds containing ambidentate ligands 
are considered to show linkage isomerism due to the 
presence of two different binding positions. 
eg. (i) [Co(NH3)sSCN]° *and (ii) [Fe(NH)5(NO,)}* 
In each complex, Fe is in + 3 state, as C,0? ~ is didentate 
chelating ligand, which forms chelate rings and hence, it 
is the most stable complex. 
32, (i) Ks[Cr(C204)3] — (ii) [P(NH3),]* 

(ii) [CuBr] (iv) [Co(NH)s(NO,))"* 


33. (i) [Cr(NH ))Cl,(en)]Cl (en = ethylene diamine) 
TUPAC name Diamminedichloridobis-(ethane-1, 2- 
.. diamine) chromium (Ш) chloride. Е 
(ii) Pentaamminenitrito-o-cobalt (Ш) 


Formula [Co(NH}).(ONO)]? t 


X. (i) [Co(NH,); CIJ? * 
_ TUPAC name Pentaamminechloridocobalt(III) 
(ii) Potassium tetrachloridonickelate (II) 
Formula K;[NiCI,] 
35, (Cr(NH,), с] 


РАС name Tetraamminedichloridochromium (Ш) ion. 
pin uid te geometrical isomerism (cis-form 
s dissolve both the compounds in water with different 
A tubes. To both the test tubes 
“sel add Васі, solution, one compound gives white 
PPt. indicating the presence of SO; ions. 
ba Y th er compound does not give white 
р recipitate, indicating the absence of 
5047 ions, 
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K3[Cu(CN),] (aq) + K SO, (aq) 


18] 


[Co(NH,);CISO, + Вас), (aq) —5 
[Co(NI I3);CI]CL, ^ BaSO,(s) 


White ppt. 
[Co(NH,), SO, ]CI « BaCl (aq) —» No reaction 


Case Il add AgNO, solution to both the compounds in 

Separate test tubes. 

Only Il compound gives white precipitate, not the 

I, due to the absence of CI” as counter ion. 

[Co(NH),S0,]cI + AgNO, (aq) — 
[Co(NH}3);SO,]NO, + AgCI(s) 

White ppt. 
[Co(NH}),CI]SO, + AgNO,(aq) — No reaction 


These two test prove that the given two compounds are a 
pair of ionisation isomers. 


37. There are three geometrical isomers of 
(Pt(NH; )Br(Cl)(py)} (These structures are obtained by 
fixing the position of one ligand, ie. МН; and placing at 
the trans-position any one of the remaining three ligands 
one by one. Two of these are cis and one is trans). 


Optical isomerism is not exhibited by the compound 
with CN- 4 and square planar geometry because of 
the presence of horizontal plane of symmetry. 

38. ‘A’ gives precipitate with AgNO3, so in it Cl is present 
outside the coordination sphere. 
‘B’ gives precipitate with BaCl,, so in it SOT is present 
; outside the coordination sphere. 
(i) So, A - [Co(NH3); SO,]Cl В- [Co(NH;)sCI] SO, : 
(ii) Ionisation isomerism (as give different ions when 
. subjected to ionisation.) 
(iii) [A] Pentaamminesulphatocobalt (Ш) chloride, 
[B] Pentaamminechloridocobalt (Ш) sulphate. 
An optically active complex of the type [M(AA) X 
indicates cis-octahedral structure, e.g. 
cis- [P(en) CL)" or cis- [Co (en); СЪ)“ because its mirror 
image isomers is non-superimposable, 
For the structure refer to text on page 176, 
40. Refer to text on pages 170 and 171. 
A1. Refer to text on pages 171 and 172. 
42. Refer to text on page 171. 
43, Coordination entities | Oxidation state 
(i) [Co(H OX CNY en)" +3 
(ii) [CoBr,(en),]" +3 
(iii) [PCL]? +? 
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44. (i) [Zn(OH] (ii) Ks[PdCl,] 
(iii) [Pt(NH4)5CI;) (iv) Kg[Ni(CN)] 
(v) [Co(NH)s(ONO)]"* — (vi) [Co(NH3)4]4(50,); 
45. (i) Hexaamminenickel(II) chloride 
(ii) Tris-(ethane-1,2-diamine)cobalt(III) ion 
(iii) Tetracarbonylnickel (0) 
46. (i) Triamminetrichloridochromium(III) 
(ii) Potassium hexacyanoferrate(III) 
(iii) Dibromidobis-(ethane-1, 2-diamine) cobalt (III) ion 
47. (i) Hexaamminecobalt(III) chloride 
(ii) Diamminechlorido (methylamine) platinum(II) 
chloride 
(iii) Hexaaquatitanium(III) ion 
48. (i) Na,[SiF,] (ii) [Cr(en),]Cl, 
(iii) [Cr (H20)6] Cl, 
For rules refer to page 173. 
49. (i [Cr(C 20, AP. Refer to text on page 176. 
(ii) Refer to text on page 176. 
(ii) [Cr(NH;);Cl;(en)] (only cis-isomer shows optical 
activity) : 
50. (i) [CoCl;(en);] has two geometrical isomers. Further, 
cis-form shows optical isomerism. | 
Refer to text on page 176. 


(ii) [Co(NH,)Cl(en)]?* 


га 5 fo \ į Qu j en 
us cis-isomer | | 


е 
СІ =] 2+ ` 
NH, 
trans-isomer 


(iii) [Со(МН; ):СІ,(еп)]* Refer to text on page 176. | 


51. (i) [Co(NH3),Cl]SO, shows ionisation isomerism. 
are ionisation isomers. 
(ii) [Со(ел)з]3* shows optical isomerism. 
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Refer to text on page 176. 
(iii) Refer to text on page 174. 

52. lonisation isomerism and geometrical isomerism 
exhibited by [Co(NH4), CI] Br. The ionisation isome 
are [Co(NH3), Cl;]Br and [Co(NH3)4(Cl) (Br)] cj. ^* 
For structure, refer to text on page 175. 

The central atom has d?sp? hybridisation. 


53. Refer to text on pages 174 and 175. 


54. (i) It exists as both geometrical (сїз and trans) апд А 
isomers. 
(a) Geometrical isomers 


Ptica] 


mirror 


(ii) It shows two Optical isomers 


Mirror en 
(iii) Ionisation isomers 
[Co(NH;3)s(NO3)(NO3)2], ' 
[Co(NH3)5(NO3)](NO2)(NO3) 
Linkage isomers 
[Co(NH3)5(NO2)](NO3)2, 
[Co(NH3)s(ONO)](NO3)2 
(iv) Geometrical isomers (cis and trans) 


TOPIC 2] 


ponding and Magnetic Behaviour 


ONDING IN COORDINATION 
POMPOUNDS 


Werner was the first to explain the nature of bonding in 
coordination compounds but his theory was not able to 
answer the basic questions like : vil 
(a) Why only some elements can form coordination 
compounds? 
(b) Why the directional properties are exhibited by the 
bonds in coordination compounds? 
(c) Why magnetic and optical properties are unique 
characteristic for coordination compounds? 
Many approaches have been put forth to explain the 
nature of bonding in coordination compounds. These are 
Valence Bond Theory (VBT), Crystal Field Theory 
(CFT), Ligand Field Theory (LFT) and Molecular Orbital 


Theory (MOT). 
VALENCE BOND THEORY 


This theory was put forward by L. Pauling in 1930 to 
explain the shapes of the complexes. 
The main points of this theory are as follows: 

(i) Central atom/ion makes available required number of 
empty orbitals. 

(ii) These orbitals undergo hybridisation by using (n-1)d, 
ns, np or ns, пр, nd orbitals of central atom/ion under 
the influence of ligands to give same number of hybrid 
orbitals of equal energy and definite geometry, such as 
linear, tetrahedral, square planar and octahedral shapes 
as shown in the following table. These hybridised 
orbitals are allowed to overlap with ligand orbitals that 
can donate electron pairs for bonding. 


Hybridisation and geometry of complexes 


Eram i ~~ Distribution of 
oordination Type of hybrid orbitals 
number hybridisation in space 
4 sp? Tetrahedral 
4 dso? T Square planar 
B "x 5 spia Trigonal bipyramidal 
Hu uU spd? | Octahedral 
7g yup Octahedral 


(iii) Ligands must have one sigma orbital containing lone 
pair of electrons. 


Octahedral Complexes 


Octahedral complexes involve one s, three p and two 
d-orbitals. They can form inner orbital and outer orbital 


complexes. 
Let us take some examples to explain octahedral complexes. 


These are as follows : 

(i) [Co(NH3)6 P + In this complex, oxidation state of 
cobalt is +3 and electronic configuration of Со?* ion 
is[Ar] 534 6. 

Its hybridisation scheme can be shown as: 


34 ás áp 
TRE 


Co-atom 


Z=27 
osast TT) O LLLJ 
dsp? hybridised 
orbitals of Со?* 
Six empty orbitals = rwo 34 one 
) 4s and three 4p-orbitals (4757) 
(an корсор 
(inner orbital ог 3d Six pairs of ¢ from 
low spin complex) 6 NH; molecule 


Six pairs of electrons one from each NH; molecule, 
occupy the six hybrid orbitals. Thus, complex has 
octahedral (4 2g) geometry and is diamagnetic 
because of the absence of unpaired electrons. 

(ii) [CoFg ^ In [CoFg]^, outer orbital 44 is used in 
hybridisation, Thus, it is called outer orbital or high 


spin or spin free complex. 


Orbitals of П] [LI] зава 
4р ы 


Co?* ion 
3d ds 


spd? | i 

E ILLI иш 
3 ра 44 

[CoF]* 

ct ooo 

or high spin 3d Six pairs of & from i 

complex) | E Eion 44 


Six pairs of electrons one from each Е ion occupy 
the six hybrid orbitals. Thus, the complex has 


9 
octahedral geometry (sp? d^) and is paramagnetic 


because of the presence of four unpaired electrons. 
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Tetrahedral Complexes 


In tetrahedral complexes, one s and three p-orbitals are 
hybridised to form four equivalent orbitals oriented 
tetrahedrally. Let us take an example to explain 
tetrahedral complexes. 

[NiCl 4 [^ In this complex ion, oxidation state of Ni is 
+2 and its valence shell configuration is [Ar]!934?. 


i 3d 4; 4р 
Pe ERE 


та Г] СО 


Nic : 
(абое 
high spin cr cr cr cr 


неве sp? hybridised 


Each СІ ion donates a pair of electrons. The compound 
is paramagnetic, because it contains two unpaired 
electrons. Similarly, [Ni(CO), ] has tetrahedral geometry 
but it is diamagnetic because nickel is in zero oxidation 
state and contains no unpaired electrons. 


Square Planar Complexes 


Square planar complexes involve one d, one s and two 
p-orbitals for bonding. The hybridisation involved is 
dsp”. Let us take an example to understand it clearly. 


e.g. [Ni(CN), ]2- has square planar shape. 
Ni-aom (ground state) [Ar] 375, 45?, 4р? 


А 34 4; 4p 
ке [IT] 


34 Áp 
к.б ут» pu ES 


dsp? hybrid 


ded," [] 
or low spin 4e pairs from 
complex) 4 CN“ions 
Note 


The hybrid orbitals do not actually exist. Infact, hybridisation is a 
mathematical manipulation of wave equation for the atomic orbitals 
involved. 


Inner and Outer Orbital Complexes 
When the complex formed involves the inner 

(n-1) d orbitals for hybridisation, the complex is called 
inner orbital complex. The complex is diamagnetic because 
of the absence of unpaired electron. This type of complex is 
also called low spin or spin paired complex, 

e.g. [Ni(CN)4]" апа [Co(NH4) ]3* are inner orbital 
or low spin or spin paired complex, which are diamagnetic 
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in nature. When the complex formed involves the oute 
nd-otbital for hybridisation, the complex is called Outer 
orbital complex. The complex is paramagnetic because 
the presence of unpaired electrons. This type of comple, 
is also called high spin or spin free complex. 

e.g. [CoFg апа [Ni(H5O)g r* are outer orbital ог hiph 
spin or spin free complexes, which are paramagnetic in 
nature. 


Magnetic Properties of 
Coordination Compounds 


Magnetic nature of coordination compounds is due to 
the presence of unpaired electrons in molecules. These 
properties are very useful in understanding the structure 
and bonding in transition metal complexes. The magnetic 
moment of coordination compounds can be measured 
the magnetic susceptibility experiments. The results can 
be used to obtain information about the structures of 
metal complexes. 

Some complications revealed on the basis of critical study 
of magnetic data of coordination compounds are as 
follows: 

(i) For metal ions upto three electrons in Z-orbital 
(Ti?* , Vit ; Cr?*) ‚ two vacant d-orbirals аге 
available for octahedral hybridisation using 4s and 
4p-orbitals. The magnetic behaviour of these 
free ions and their coordination entities is similar. 

(ii) When more than three 3d electrons are present, the 
required pair of 3d orbitals for octahedral 


hybridisation are not directly available because of 
` Hund's rule, e.g. for 4^ (С‹?* ‚ма?* 4? 


(Mn?* , Fe**), dÉ(Fe?* ,Co3+ ) cases, a vacant pair 
of d-orbitals result only by pairing of 3d electrons 
which leaves two, one and zero unpaired electrons, 
respectively, 

(iii) The magnetic data agree with maximum spin pairing 
in many cases especially with coordination 
compound containing d° ions. However, with 
species containing d* and d ions there are 
‘complications. 

‚ Some examples are given below: 
* [Mn(CN)6}>~ has magnetic moment of two 
unpaired electrons while [MnCl,}° ~ has a 
paramagnetic moment of four unpaired electro? 


* [Fe(CN) c ^7 has paramagnetic moment of ол 
unpaired electron while [ЕеЕ с]? ~ has а 
paramagnetic moment of five unpaired electrons: 


Coordination Compounds 


3- " " 
| ©] is paramagnetic due to the presence of four 


unpaired electrons while [Co(C50,); J^ is diamagnetic. 
This is explained by VBT in terms of formation of 
i orbital (4 ap hybridisation) and outer orbital 
(p? ^ hybridisation) coordination entities. [Mn(CN) ^^, 
МС) and [Co(C2;O)5 ^ are inner orbital | 
complexes. While [MnCl¢]’~, [FeF¢]}~ and [CoFg 27 are 


outer orbital complex. 


Limitations of VBT | 


Although valence bond theory is advantageous to explain 
formation, structures and magnetic properties of 
coordination compounds but it comes with few limitations, 
listed as follows: 


Central 
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(i) It is based on the number of assumptions. 
(ii) It docs not distinguish between weak and strong 


ligands. 


(6 


(iii) It does not.give quantitative interpretations of <- 
magnetic data. 

(iv) It does not give a quantitative interpretation of the 
thermodynamic or kinetic stabilities of 
coordination compounds. 

(v) It fails to explain relative energies of different shapes. 

(vi) It does not explain the colour and spectral 
properties of the 4-coordination compounds. 

(vii) It fails to predict the exact tetrahedral and square 
planar structures of 4-coordinate complexes. 


Description of some important metal complexes using VBT 


Configuration Hybridisation of metal Geometry of 


рботр!өХ., | metal ion of metal ion ion involved the complex арР И Magnetic behaviour 
THOU. ah weap? Omelia 70 МӘ Paiao  _ 
мно y* g? а? 5р? I Octahedral 4 Ф 2 Paramagnetic 
[с(н:0%]” п" аз age | Octahedfal 3 ; Paramagnetic 
(CN) f* Сни | d? d? "y | ЖА?Ы UE 3 D Paramagnetic 
[Мов]? K Mn?* | g^ ptam 0202. Ф м1 Octahedral- il a Paramagnetic 
мс nist Mn% T PI P ad; V ^ Octahedral С 2 Paramagnetic 
mas | M д5 ~ » - Tetahedral 5 Paramagnetic 
FeFo} Fe? LAN T uut Onmeda ‚уу. 5и. aima Paramagnetic + 
[Ее(НО)]?* Fe?* а5 ET = Octahedral - Teg Haut Paramagnetic - - 
кп Fe” СҮТ 7 ул бшша 1, р. |у Paramagnelic 
(ем Fe?* go | dsp? mE " Octahedral "mm AEN Diamagnetic ti 
ес, Ее?* | d* "m Tetiahedral (4 diio "Peramagnetic 
(Co(NH;)g * Co?* dê - 42р? 5 Octahedral i 0 "me Diamagnetic 
"I ошаш 4 тшт _ 
исо. ИШЕ" 308 452 D P /—— Tetrahedral % р Diamagnetic Жр. 
IN(CN),F* a NP ў ge "n E | Square planar 0  Diamagnetic 7 
Noe ме ж ж "E 
NH Ni?* И d | 5202 Octahectal 2 І 'Paramagneti o А 
P o ifa 05. | 509 Tetrahedral 1 ени AD 

(NH3)4]** 2+ ; 10 sp? Tetr | ‘ae 
н mE RET T Ыы, 

| р quare planar 0 Diamagnetic 
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CRYSTAL FIELD THEOR Y(CIT) 


This theory was proposed by H. Bethe and van Vleck in 
1930. L. Orgel in 1952, gave a much more satisfactory 
explanation for the bonding and the properties of 
complexes. The crysral field theory (CFT) is an 
electrostatic model which considers the metal-ligand 
bond to be ionic arising purely from electrostatic 
interactions between the metal ion and the ligand. 

The main points of this theory are as follows: 

(i) The transition metal ion is surrounded by the 
ligands with lone pairs of electrons and the complex 
is a combination of central ion surrounded by other 
ions or molecules or dipoles, e.g. ligands. 

(ii) АП types of ligands are regarded as point charges in 
case of anions and as dipoles in case of neutral 
molecules. 

(ш) The interactions between the metal ion and the 
negative ends of anion (or ion dipoles) is purely 
electrostatic, i.e. the bond between the metal and 
ligand is considered to be 100% ionic. 


(iv) The ligands surrounding the metal ion produce 


electrical field and this electrical field influences the © 


energies of the orbitals of central metal ion, 
particularly Z-orbitals. 

(v) In the case of free metal ion, all five Z-orbitals have 
the same energy. Orbitals having the same energies 
are called degenerate orbitals. 

(vi) The five degenerate Z-orbitals of the metal ion split 
into different sets of orbital having different energies 
in the presence of electrical field of ligands. This is 
called crystal field splitting. 

(vii) The number of ligands and their arrangement 
(geometry) around the central metal ion will have 
different effect on the relative energies of the five 
d-orbitals. In simple words, the crystals field splitting 
will be different in different structures having 
different coordination numbers. 

(viii) The magnetic properties, spectra and preference for 
particular geometry can be explained in terms of 
splitting of Z-orbitals in different crystal fields. 

To understand the crystal field theory, it is 

essential to understand the disposition of the five 
d-orbitals in space and the geometrical arrangement 
of the ligands around the central metal ion, i.e. we 
have to understand the splitting in different crystal 
fields. 

This concept can be illustrated with the complexes 
having coordination number 6 and 4 (which are very 


common). 
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Crystal Field Splitting in Octahedra] 
Coordination Entities 

In an octahedral coordination entity with six ligang, 
surrounding the metal atom/ion, there will be repulsi 
between the electrons in metal Z-orbitals and the elect, 
(or negative charges) of the ligands. Such a repulsion ON 
more when the metal d-orbital is directed towards th. 
ligand than when it is away from the ligand. 

Thus, the d,2_y2 and 2,2 orbitals which point toward, 
the axes along the direction of the ligand will experience 
more repulsion and will be raised in energy and the 7 
d,, and dy, orbitals which are directed between the = 
will be lowered in energy relative to the average energy in 
the spherical crystal field. 

Thus, the degeneracy of the Z-orbitals has been removed 
due to ligand-metal electron repulsions in the octahedral 
complex to yield three orbitals of lower energy, t, | set 
and two orbitals of higher energy, eg Set. This splitting of 
the degenerate levels due to the presence of ligands in 4 
definite geometry is termed as crystal field splitting. 
The difference of energy between the two sets of 
degenerate orbitals as a result of crystal field splitting is 
known as Crystal Field Stabilisation Energy (CFSE), it i; 
denoted by A, (the subscript o is for octahedral). 

Thus, the energy of the two e orbitals will increase 

by (3/5) A, and that of the three г), will decrease by 
(2/5)A ,. The splitting of Z-orbitals in an octahedral 
crystal field can be seen in following diagram. 


Energy 
2 
| wit ^ 
Ny 
SS A, 
Metal 
d-orbitals „^^ 
— De 
dg y dà dy da dy, Average energy Splitting of d-orbitals 
Free metal ion 9f the d-orbitals in in octahed 
spherical crystal field crystal field 


d-orbital splitting in an octahedral crystal field 


Here, CFSE can be calculated as: 
CFSE =[-0.4x +0.6y]A, 
where, A, =CFSE in octahedral complex 
х =Number of electrons in 2), orbitals 
у = Number of unpaired electrons in 
e, orbitals 


6 ordination Compounds 
0 


т. 


ectrochemical Series 
rhe crystal field splitting, Aj, depends upon the field 
uced by the ligand and charge on the metal ion. 
соте ligands are able to produce strong fields in which 
case, the splitting will be large whereas others produce 
weak fields and consequently result in small splitting of 
darbitals. 
So, ligands can be arranged in a series in the order of 
increasing field strength. This series is known as 
spectrochemical series. | 
eg <В < SCNT «CI «S 7 «F^ «ОН < C04 
«Н, «NCS^ <EDTA*” «NH; «en« CN" «CO 


It is an experimentally determined series, based on the 
absorption of light by complexes with different ligands. 


The single d-electron of metal ion in octahedral 
coordination entities occupies one of the lower 
energy 2g orbitals. 


Ind? and d 5 coordination entities, the d-electrons 
occupy the single t2 Р orbitals in accordance with the 
Hund’s rule. 


For d^ ions, two possible patterns of electron 
distribution arise: 
(i) The fourth electron could either enter the ty Р 
level and pair with an existing electron, or 
(ii) It could avoid paying the price of the pairing 
energy by occupying the e, level. 
These possibilities depend on the relative magnitude of 
the crystal field splitting, A , and the pairing energy, Р 
(P represents the energy required for electron pairing 
in a single orbital). 
The two options are given below: 


(i) IFA „< P, the fourth electron enters one of the 
eg orbitals giving the configuration бу, 
Ligands for which А „< Р are known as 
weak field ligands and form high spin 


complexes, 


(i) IFA, > P, it becomes more energetically 
favourable for the fourth electron to occupy #2 £ 
orbital with configuration £2 2: 

Ligands which produce this effect are known as 
strong field ligands and form low spin 
" complexes, 
calculation show that 4^ to d” coordination 
es are more stable for strong field as compared 


t0 Weak field cases, 
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Crystal Field Splitting in Tetrahedral 

Coordination Entities 

In tetrahedral coordination entity formation, the d-orbital 

splitting is inverted and is smaller as compared to the octahedral 

field splitting. It can be easily illustrated from the given figure. 
I А 


T 
Energy 


— 


Average ener, 
d-orbitals — of the obit dij d? 
free ion in spherical Splitting of 
crystal field dorbiral in 
tetrahedral 
crystal field 


d-orbital splitting in a tetrahedral crystal field 


Here, CFSE can be calculated as: 

CFSE =[—0.6х +0.4 у]А, 
where, A, = CFSE in tetrahedral complex 

x = Number of electons in e-orbitals. 

у =Number of electrons in ¢-orbitals. 
For the same metal, the same ligands and metal-ligand 
distances, it can be shown that A, =(4/9)A,. Consequently, 
the orbital splitting energies are not sufficiently large for 


_ forcing pairing and, therefore, low spin configurations are 


rarely observed. 


Colour In Coordination Compounds 


When light of certain frequency falls on the complex, 

it absorbs light from visible range for transition of electron 
from lower to higher level. Colour of the compound is 
complementary to the colour of absorbed light. This is known 
as d-d transition.e.g. The complex [Ti (H5O)g P* appears 
violet in colour due to the transition of electron from ѓу, level 
to the e, level > ге. : 


It can be easily understood by following energy diagram 


m 


energy 
= 
< 


—— =: ^ 


2g MR tte 
excited state 
Transition of an electron in Ti (HO), 3* 


ground state 


It is important to note that in the absence of ligand crystal 
LI Ы 3 
field splitting does not occur and hence the substance is 


colourless, e.g. anhydrous CuSO4 is whi 
CuSO, -5H5O is blue. 4 is white, while 
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Effect of Ligand on the Colour of a Complex 


Ligand plays an important role in exhibiting the colour to 
the complex. This can be easily illustrated by considering 
the example of [Ni(H О) 5] ^". complex which forms 
when nickel (1) chloride is dissolved in water. If the 
didendate ligand, ethane -1, 2- diamine (en) is 
progressively added in the molar ratio en : Ni, 1:1, 2 : 1, 
3 : 1; complexes with different colours were formed. 


Colour of Some Gemstones 

Ruby is aluminium oxide (Al;O;) containing about 
0.5-1% Cr?* ions (d 3), which are randomly distributed 
in positions normally occupied by ART, | 
We may view these chromium (III) species as octahedral 
chromium (III) complexes incorporated into the alumina 
lattice, d-d transitions at these centres give rise to the 
colour. 

In emerald, Cr?* ions occupy octahedral sites in the 
mineral beryl (Be; Al; Si ,O;). The absorption bands seen 
in the ruby shift to longer wavelength, namely yellow-red 
and blue, causing emerald to transmit light in the green 


region. 
Limitations of CFT 


CFT is successful in explaining the colour, magnetic 
properties, the effects of weak and strong field ligands in 
coordination compounds. However, it has the following 
limitations: | ' 

(i) As the ligands are point charges, the anionic ligands 
should exert the greatest splitting effect. Actually, the 
anionic ligands are found at the low end of the 
spectrochemical series. 

(и) CFT treats the metal-ligand bond as purely ionic and 
it does not take into account the covalent character of 
bonding between the ligand and the central atom. 


Note Valence bond theory consider the M—L bond as covalent while 
crystal field theory consider the M—L bond to be ionic. 


TOPIC PRACTICE 2| 


OBJECTIVE Type Questions 


Í. Which of the following complex ions is 
diamagnetic in nature? 


(a) [CoF A 
(c) [Ni(CN),] 


(b) [NiC]? 
(d) [Сис]? 
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Which one of the following is an outer Orbital 
complex and exhibits paramagnetic 


behaviour? 
(а) (ММН) .]* 
(c) [с(мн.))„]?* 


(b) [Zn(NH4) 2+ 
(d) [Co(NH4) ]?* 


In [Fe(CN)g] ^^ and [Fe(CN)g P" number of 
unpaired electrons 15, respectively 


(a) 4,5 (b) 0,1 

(c) 5,4 (d) 1,2 

The oxidation state of Ni in [Ni(CO)4] is 

(a) 0 (b) 2 

(c) 3 (d) 4 Delhi 2029 


Which one of these statements about 

[Co(CN)g]" is true? 

(a) [Co(CN)g- has no unpaired electrons and will be 
in a low-spin configuration 

(b) [Ce(CN)s - has four unpaired electrons and will 
be in a low-spin configuration 

(c) [Co(CN)g]^- has four unpaired electrons and vill 
be in a high-spin cofiguration. 

(d) [Co(CN)g ^" has no nupaired electrons and will be 
in a high-spin configuration. 

For d^ions, the fourth electron enters one of 

the ер orbitals giving the configuration Bele, 

when 

(a) A> P 

(с) A; =P 


(b) A, < P 
(d) A,2 P 


Atomic number of Mn, Fe and Co are 25, 26 and 
21 respectively. Which of the following inner 
orbital octahedral complex ions are 
diamagnetic? , 
I. [Co(NH3)g]?* П. [Mn(CN)g]9- 
III. [Fe(CN)g]4- IV. [Fe(CN)g]9" 


Choose the correct option. 

(a) IL and III (b) I and IV 
(c) Land Ш (d) IL and IV 
Structure of [Ni(CO),] is 

(a) tetrahedral 

(b) square planar 

(c) octahedral 

(d) None of the above 


Coordination Compounds 


9, The CFSE for octahedral [CoClg]"- is 18,000 cm". 
The CFSE for tetrahedral [CoCI, "7 will be 
(a) 18,000 cm"! NCERT Exemplar 
(b) 16,000 cm~’ 
(с) 8,000 cm“! 
(d) 20,000 cm"! 


The colour of the coordination compounds 
depends on the crystal field splitting. What will 
be the correct order of absorption of wavelength 
of light in the visible region, for the complexes, 


[Co(NH3)gl°", [Co (CN)g]5", [Co(H50)g* - 
NCERT Exemplar 
(a) [Co(CN)] ^^ > [Co(NH3)4] * > [Co(H50)4] * 
(b) [Co(NH3)s ]* > [Co(H;0)4] ** > [Co(CN)g] * 
(c) [Co(H;0).] * > [Co(NH.,, ]® > [Co(CN)g] > 
(d) [Co(CN),] 7 > [Co(NH3)4] * > [Co(H20),] * 


10. 


VERY SHORT ANSWER Type Questions. 
11. Arrange the following complex ions in the 
increasing order of crystal field splitting energy 
(4,), [CrClg]?", [Cr(CN)g]* [Cr(NHs)el°* 


12. Why is CO a stronger ligand than СГ? 
13. Anhydrous CuSO, is white while hydrated CuSO, 
is blue. Why? 


SHORT ANSWER Type Questions 


14. (a) Write the IUPAC name and hydridisation of the 
complex [Fe(CN),] ~. Delhi 2020 
(Given : Atomic number of Fe = 26) 

(b) What is the difference between an ambidentate 
ligand and a chelating ligand? Е 

15. Why do compounds having similar geometry 

have different magnetic moment? NCERT Exemplar 

16. Magnetic moment of [MnCl4}" is 5.92 BM. Give 

reason. 

17. (i) Write the electronic configurat of ion iron of ion 
in the following complex ion and predict its 
magnetic behaviour : [Fe(H20)¢ Г" 

(ii) Write the IUPAC name of the coordination 
complex: [CoCl,(en),]NO3 CBSE SQP 2021 


18, On the basis of crystal field theory, explain why 
Со(Ш) forms paramagnetic octahedral complex 
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with weak field ligands whereas it forms 

diamagnetic octahedral complex with strong 

field ligands. NCERT Exemplar 
19,` Why are different colours observed in octahedral 


and tetrahedral complex for the same metal and 
same ligands? NCERT Exemplar 


20. What is the relationship between observed 
colour of the complex and the wavelength of 
light absorbed by the complex? NCERT Exemplar 


SHORT. ANSWER Type II Questions 


21. For the complex [NiCl4 f", write 
(i) the IUPAC name. 
(ii) the hybridisation type. 
(iii) the shape of the complex. 
(Atomic number of Ni - 28) 
22, (i) Predict the geometry of [NiCN,P-- 


(ii) Calculate the spin only magnetic moment of 
[Cu(NH3),)°* ion. CBSE SQP 2021 


All India 2013 


23. Explain [Co(NH3)g]"* is an inner orbital complex 


whereas [Ni(NH3)gP * is an outer orbital complex. 
NCERT Intext 


24. Answer the following questions. 

(i) [Ni(H,0)g}?* (aq) is green in colour whereas 
[Ni(H5O), (en)P* (aq) is blue in colour, give 
reason in support of your answer. 

(ii) Write the formula and hybridisation of the 


following compound. 
tris-(ethane-1,2-diamine) cobalt(III) sulphate 


25. (а) Write the formula of the following 
coordination compound: 
Iron (Ш) hexacyanoferrate(II) 
(b) What type of isomerism is exhibited by the 
complex [Co(NH3)&CI] SO,? 
(c) Write the hybridisation and number of 
unpaired electrons in the complex [CoFg] ` 
(Atomic number of Co= 27) CBSE 2018 
26. (i) What type of isomerism is shown by the 


complex [Co(NHa &(SCN)* ? 

(ii) Why [NiCl, P is paramagnetic while 
[Ni(CN), ^ is diamagnetic? 
(Atomic number of Ni= 28) 
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(iii) Why аге low spin tetrahedral complexes rarely 
observed? All India 2017 


Or Why are low spin tetrahedral complexes not 

Y formed? Delhi 2017 
27. (i) What type of isomerism is shown by the 

complex [Co(en)3]Cl3? 

(ii) Write the hybridisation and magnetic 

character of [Co(C,0, )3]?~. (Atomic number 
of Co = 27) 
(iii) Write IUPAC name of the following complex, 
[Cr(NH3)sCl3]. 
Amongst the following ions which one has the ~ 
highest magnetic moment value? 
(i) [Cr(H20)e] ?* (i) [Fe(H0)g] ?* 

(iii) [Zn(H20)g] ?* NCERT 
[NiCl4 P- is paramagnetic while [Ni(CO)4] is 
diamagnetic though both are tetrahedral. Why? 

А NCERT Intext 
[Cr(NH3), ]?* is paramagnetic while [Ni(CN)4P - 
is diamagnetic. Why? NCERT 
For the complex ion [CoFg]*, write the | 
hybridisation type, magnetic character and spin 
nature. [Atomic number : Co = 27] Delhi 2017 
For the complex ion [Fe (en)3Cly]", write the 
hybridisation type and magnetic behaviour. 
Draw one of the geometrical isomer of the 
complex ion which is optically active. 
[Atomic No. : Fe= 26] All India 2017 
In a coordination entity, the electronic 
configuration of the central metal ion is t. 263681: 


32. 


33. 


(i) Is the coordination compound a high spin or 
low spin complex? 
(ii) Draw the crystal field splitting diagram for 
the above complex. 
What is the crystal field stabilisation елке? 
How does the magnitude of A, decide the actual 
configuration of d-orbital in a coordination 
entity? NCERT 


34. 
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Or What is meant by crystal field splitting ene, 
On the basis of crystal field [лсо write the 
electronic configuration of d^ in terms "UN and 
eg in an octahedral field when АП India 20 
(i) „>Р (ii) Ay <Р 3 
The hexaaquamanganese (II) ion contains five 
unpaired electrons, while the hexacyano ion 
contains only one paired electron. Explain Using 
crystal field theory. NCERT Intex 
Give the electronic configuration of the followin 
complexes on the basis of crystal field splittin 
theory. [CoFg]?-, [Fe(CN)g]*~ and [Cu(NH3)gP. 


35. 


36. | 


(i) What type of isomerism is shown by the 
complex [Co(NH 3)e] [Cr(CN)g]? 
(ii) Why a solution of [Ni(H2O)g]?* is green while 
a solution of [Ni(CN)4]?* is colourless? 
(iii) Write the IUPAC name of the following 
complex : [Co(NH 3)s (СО 3)]Cl Delhi 2017 
[Fe(CN)g]*7 and [Ее(Н0)Ё * are of different 


colours in dilute solutions. Why? 
NCERT; Foreign 2012 


37. 


38 


. 


LONG ANSWER TYPE QUESTIONS 


39. Discuss the nature of bonding in the following 
coordination entities on the basis of valence bond 


theory. NCERT 
(i) [Fe(CN),]4~ (ii) [Ее] 
(iii) [Co(C204 )з]3- (iv) [Сою]? 


40. Write down the IUPAC name for each of the 
following complexes and indicate the oxidation 
state, electronic configuration and coordination 
number. Also give stereochemistry and magneUc 
moment of the complex. 
(i) K [Cr(H20),(C,04))]- ЗНО 
(ii) [Co(NHa)SCI]Cly (ійі) [CrCla(py)sl 
(iv) Cs[FeCly] (v) Ka[Mn(CN)el 


41. Write the important postulates and the 
limitations of valence bond theory. 


NCERT 


| HINTS AND EXPLANATIONS | 


1. (дш [Ni(CN), 27, Ni has dsp? hybridisation where СМ 


is a strong field ligand. 
dsp? hybridisation 


CN CN CN CN 
Since, all the electrons are paired, it is diamagnetic. 
2. (a) Outer orbital complex utilises d-orbitals for bonding 


and exhibit paramagnetic behaviour, only if there present 
unpaired electrons. 


In [Ni(NH)¢]2*, Ni” = [Ar] 348450 


г [N(NH3)g]?*- 
3d As 4p 4d 
exped T T] 
Two unpaired sp?d?hybridisation 


electrons i 
So, this is an outer orbital complex having paramagnetic 
character. À i i 
3. (b)Electronic configuration of 
Fey, is= [Ar] 348,452 
Ее?*= [Ar]3d°4s° 
Fe*t= [Ar]345 450 | ; 


3d E 
[Fe(CN)g*- = [Ar] 1 [ШП ПЁ | kyl 


No unpaired electron 


Fe?* = [Ar] 34?4s? 
3 4s 


в | 
[Fe(CN)g]*" = [Ar] aps c. E 


One unpaired electron 
In these complexes, СЇТ is a strong field ligand thus 
electrons get paired. 
4. (a) The oxidation state of Ni in 
neutral ligand. 


5. (а) [Со (CN)g]- 
2 зрб, 34° 


Co 3*= Js’, 257, 2p°, 35°, 

СМГ is a strong field ligand and as it approaches the 
metal ion, the electron must pair up. The splitting of the 
d-orbitals into two sets of orbitals in as octahedral 


[Ni(CO),] is 0 as CO isa 


complex [Co (CN)¢] 3- may be represented as 
dy y, dz 
3d eg orbitals 
Ao 
eg orbitals 


10. 


Here, for d$ ions, three electrons first inter orbitals with 
parallel spin out the remaining may pair up in tz, orbital 
giving rise to low spin complex (strong ligand) field. 


s. [Co(CN)g] 3- has no unpaired electrons and will be in 
low spin configuration. 
(b) The fourth electron enters one of the e, orbitals 


giving the configuration D when A, « P. 

(c) [Co(NH4)4]* and [Fe(CN} f", inner orbital complex 
ions are diamagnetic. 

(a) In Ni(CO), electronic configuration of. 


Ning = [Ar] 3d%4s”. 


3d 4s 4p 
ме ТИИ СЦ 


The ligand field of CO influence the arrangement of · 
electrons and shift both 4s electrons into 3d. Now to 
accomodate electron pairs from 4CO, we have 4s and three 


4p-orbital available, this is known as sp?-hybrid. 


3d 4s 4p 4а 
E] [е] 


со СО CO ço 
Set sp?-hybrid 
(c) CFSE for octahedral and tetrahedral complexes are 
closely related to each other by formula A, = 24» 
where, A, = CFSE for octahedral complex, A, — CFSE for 


tetrahedral complex 
According to question, A, =18,000 cm” 


4 2 
A, =-А, = х18,000 ст”! 
9? 9 


1 


= 4х 2,000 = 8,000 cm! 
Hence, correct choice is (c). 
(c) As we know that, strong field ligand split the five 
degenerate energy levels with more energy separation 
than weak field ligand, i.e. as strength of ligand 
increases, crystal field splitting energy increases. 


Hence, ДЕ = hc 

À 

1 

=> ДЕ œ — 

З i À 
> À о uds 
AE 


As energy separation increases, the wavelength decreases. 
Thus, the correct order is 

[Co(H,0),]* > [Co(NH3),]* > [Co(CN); P" 
Here, strength of ligand increases, AE increases, CFSE 
increases and À absored decreases. 
Hence, correct choice is (c). 


192 


11. CFSE is higher when the complex contains strong field 
ligand as per spectrochemical series. Thus, crystal field 
splitting energy increases in the order 


[CrCl ]3-< [Cr(NH3)}**< [Cr(CN) 6° 
Because the order of field strength is CI « МНз< СМ 


12. It is because CO can form (sigma) as well as r-bond 
therefore, it is stronger ligand than СІ. 

13. Anhydrous copper sulphate has no ligands while 
hydrated salt has water as ligand. d-d transition is 
possible in CuSO4: 5 H;O. So, it is a coloured complex. 

14. (a) IUPAC name of the complex [Fe(CN)g]? 7 is 

Hexacyanoferrate (Ш) е 
For hybridisation of [Fe(CN),]> In this complex, Fe 
is present as Fe". 

Fe= [Ar] 3d545? and Fe?* = 3d°4s° 


3d "CN CN CN CN CN CN™ 
(ёч ГЛИР. EJ 
рз hybridisation 


(b) Refer to page 171 and 172. (Ligands) 


15. It is due to the presence of weak or strong field ligands in 
complexes. If CFSE is high, the complex will show low 
value of magnetic moment and vice-versa, e.g. [CoFg]^- 
and [Со(МН; )c?*. the former is paramagnetic, and the 
latter is diamagnetic because F is a weak field ligand and 
МН; is a strong field ligand while both have similar 


geometry. 
ied. weal 
ЕМІ VF NH3\_ «МН; 
Co Co 
ЕС | ^F мн; |. NH 
F NH, 


16. The magnetic moment 5.92 BM, shows that there are five 
unpaired electrons present in the d-orbitals of Mn** ion. 

и. Asa result, the hybridisation involved is sp? rather than 
dsp”. Thus, tetrahedral structure of [MnCl ]2- complex 

will show 5.92 BM magnetic moment value, 7 

17. (i) Refer to text on page 185. 

(ii) The IUPAC name of the coordination complex 
[CoCl1;(en);]NO; is dichlorido-bis (ethane-1,, 
2-diamine) cobalt (III) nitrate. T 

18. With weak field ligands, A, « P, (pairing energy) so, the 
electronic configuration of Co (III) will be ts 1 ie. it 
has 4 unpaired electrons and ís paramagnetic. 


Degenerate 
d-orbital 


| All/z;9ne | CHEMISTRY Clas, 124 


With strong field ligands A, > P (pairing energy), so 
pairing occurs thus, the electronic configuration wil] hs 


is е0, It has no unpaired electrons and is diamagnet т 


3d 48 
ПГ] Ld 


No unpaired electron 


Extent of splitting of d-orbitals is different in octahedra] 
and tetrahedral field. CFSE in octahedral and tetrahedral 
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4 
are closely related as: Д, = 5 А, 


where, Д, = crystal field splitting energy in tetrahedra] 
field 
A, = crystal field splitting energy in octahedral field 


Wavelength of light and CFSE are related to each other 
he 
=E=— => Eu— 
Ao A А 
So, higher wavelength of light is absorbed in octahedral 
complexes than tetrahedral complexes for same metal 
and ligands. Thus, different colours are observed. 


by formula 


20. When white light falls on the complex, some part of it is 
absorbed. Higher the crystal field splitting energy, lower 
will be the wavelength absorbed by the complex. The 
‘observed colour of complex is the colour generated from 

_ the wavelength left over. 

e.g. If green light is absorbed, the complex appears red. 
In terms of crystal field theory, suppose there is an 
octahedral complex with empty e, level and unpaired 
electrons in the tp, level in ground level. If the unpaired 

` electron absorbs light corresponding to blue-green 
region, it will excite to e, level and the complex will 
appear violet in colour. 


In the absence of ligand, crystal field splitting does not 
occur and the substance is colourless. e.g. Anhydrous 
CuSO, is white, but CuSO, -5H.)O is blue in colour. 


21. (i) [NiCI4]?- 
IUPAC name Tetrachloridonickelate (II) ion 
(ii) Ni?* 2 348, 45° 
Refer to text on page 184. 


(CIT being a weak field ligand cannot pair up the 
unpaired electrons of Ni.) 


So, it is sp? hybridised. 


(iii) Because of sp? hybridisation, it has tetrahedral 
geometry, 


22. (i) Ni(CN), ai, Refer to text on page 184. 


(ii) In [Cu(NH,),]* ion, copper is.in +2 state. 
The electronic configuration is 34245°. 


ET 4s. 
са ПИП O 
Number of unpaired electron =1 


H= (дп + 2) = „|і + 2) = 4/3 =173 BM 


‘Coordination Compounds 


23. [Co (NH; р“ Refer to text on page 184. 
[Ni(NH3 yd = 


34 44 i 
А11) ebebeb] [T T ] 
— 


sp°d? hybridised 


Since, (п — 1) d-orbitals are not available. So, the 

nd-orbitals are used in bond formation, i.e. in 

hybridisation, the complex is called outer orbital compley. 

24. (i) Ligands play an important role in exhibiting the 

colour to the complex. H,O is a weak field ligand, 
which causes small d- d splitting and 
correspondingly complex give green colour, whereas, 
ethane-1, 2- diamine (en) is a strong field ligand due 
to which d- d splitting is increased and 
correspondingly complex give blue colour. 

(ii) Formula : [Co(H NCH CH2NH2)3]2(SO, )з 


Hybridisation : d 2p? 
25, (a) Iron (III) hexacyanoferrate (II) has formula— 


Fe, [Fe(CN)c]5 
(b) [Co(NH;)5 CI] SO, exhibit ionisation isomers. 
Its ionisation isomer is [Co(NH3)5SO4] Cl 


(c) [Сок] : Oxidation state of cobalt is +3. 


oras HAL eA LLIJCLITLL 
3d 4s 4p 4d 
spd?- 
упин 002001177 
Co** 3d 4s 4р 4d 
[CoF,]" 
(outer orbital офоророфофо AP JEI 
or high spin Six pairs of & from 4d 
gh Sp. 3d pairs. 
complex) 6F ions 
Six pairs of electrons one from each Е ion occupy the 
the complex has octahedral 


six hybrid orbitals. Thus, 
geometry (sp? d 2, 
26. Linkage isomerism arises in a co 

containing ambidentate ligand. Hence, 

(i) [Co(NH;),(SCN)I^* exhibit linkage isomerism due to 
presence of SCN which is an ambidentate ligand and 
can linked with metal either through N or S. 
[Co(NH4)5 SCN]* and [Co(NH3)s NCS] 


(ii) The complex in which one or mor? unpaired electrons 
are present is paramagnetic while those which does 


not contain any unpaired electron is diamagnetic. 
3d 


4s 4p 
Ni atom (2=28) 3448 = [ДЇЇ LU LII] 
Oxidation state of Ni is + 2in both the complexes i.e. 
[МС] апа [Ni(CN4} - — 
45 . 4p 


! 34 
Nit = O CLE) 


In case of [Nil], CI” is a weak field ligand so 
pairing of electrons in 3d-orbital does not occur, hence 


ordination compound 
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compound is paramagnetic with two unpaired 

electrons. In [Ni(CN),]^^, CN" is a strong field ligand, 

hence pairing occurs and [Ni(CN),]7- is diamagnetic. 
(iii) For tetrahedral complexes, the crystal field 

stabilisation energy is lower than pairing energy, 50 
they are rarely formed in low spin state. 


27. (i) Optical isomerism is shown by the complex 
M [Co(en)3] Cl; 


i) In [Co(C,04)3]* 7, cobalt is in +3 oxidation state 
Co =[Ar] 34145° 
Co?* = 348 450 Я 


3d 4s 4р 
c» = ИП E pnr: 
| 3 р 
ico i&c [ШЕМ] О [ILI 


d^sp)-hybridisation 


Magnetic character — Diamagnetic 
(all electrons are paired) 

(iii) IUPAC name of the complex [Cr(NH3)3Cls] 
Triaminetrichloridochromium (Ш). 

28. Electronic configuration of 
(i) crt = 3d?, unpaired е (п) =3 

(ii) Fe?* =3d°, n=4 

(iii) Zn?* = 3d", п=0 
From p = yn (n + 2) BM 
Fe2+ has the highest magnetic moment value. 


29. In [NiCl,]”, Niis +2 oxidation state with the 
configuration in 3d 845° СГ is a weak ligand. It cannot 


pair up the electrons іп 3d orbitals. Hence, it is 
paramagnetic. In [Ni (CO), } Ni is in zero oxidation state 
with the configuration 34° 4“. In the presence of CO 
ligand, the 4s electrons shift to 3d to pair up 3d electrons. 


Thus, there is no unpaired electron present. Hence, it is 
diamagnetic. 

30. Refer to text on page 184 and 185. 

31. Refer to text on page 183. 

32. In complex [Fe (en); Cl;T', Fe is in +3 oxidation state 


Fe?* = 3d? 


| 3d 4s 4p 
= LILET] 
[Fe(en),Ch]* = pexpoxpocpoxpoxPox 


ар hybridised 


һә 


| Fe = 31545? 
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Magnetic character : Paramagnetic 


The geometrical isomer of the complex ion which is 
optically active is 


en 


33. (i) In 423 ер configuration, as the fourth electron 
enters in one of the e g orbitals, thus it is a high 
spin complex. ` 

(ii) Refer to text on page 186. 

34. Refer to text on pages 186 and 187. 

35. Because of the presence of six ligands the complex is 
octahedral and thus, d-orbital split up into lower energy 
tz, orbitals and higher energy eg orbitals. 

CN is a strong field ligand (thus, causes pairing) and 
His a weak field ligand. Mn (II) ion has 3d? 


configuration. In the presence of HO molecules (acting 
as weak field ligand), the distribution of these five 


electrons is 13, ex і.е. all the electrons remain unpaired 
to form a high spin complex. 


Splitting in the presence of 
octahedral weak field 
However, іп the presence of CN” (acting as strong field 
ligands), the distribution of these electrons is ii e?, i.e. 
two t5, orbitals contain paired electrons, while the third 
15 orbital contains one unpaired electron.The complex 
formed is a low spin complex. 


Splitting in the 
presence of strong 
field ligand 


gan 


36. According to spectrochemical series, ligands can be 
arranged in a series in the order of increasing field 


strength ie. F« NH3 < СМТ. 
Hence, СМ and NH; being strong field ligand pair up 
the t, electrons before filling e, set. 


In [CoFgP^", Со? =d° = thp, e? 
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Mur e RUP EON i, A, 
Degenerate 
d-orbital 
DEEP 
4— p.2t. 46 6 ,0 
In [Fe(CN)¢]" , Fe" = 4° = ge g 
------------------- А, 
Degenerate 
d-orbital ИЛИИ t 
2g 
2+ A 24+. 99 63 
In [Cu(NH3)g]^, Си = d 2 t25€g 
DTE NE: Ao 


Degenerate 
d-orbiral 


в) 


[Co(NH3)¢][Cr(CN)¢] is coordination isomerism. 
Here, both the positive and negative ions are 
complex ions. Isomerism may be caused by the 
interchange of ligands between the anion and 
cation. The two isomers аге [Co(NH3)¢][Cr(CN)¢] 
and [Cr(NH3).] [Co(CN)g] 

(ii) Electronic configuration of Ni = [Аг]за845° (2 = 28) 


А за 45 4p 
Ni atom (Z=28) 34/4$ = [TIT oOo 


Oxidation state of Ni is +2 in both [Ni(H5O);] ?* and 
[Ni(CN), ]2- 


3d 4s 4p 
м*= Ш O CLO 


In case of [Ni(H,0)¢]?*, Н,0 is a weak field ligand 


so pairing of electrons in 3d-orbital does not occur 
These unpaired electrons get excited from a apt 
energy d-orbital to a higher energy d-orbital. Due 


d-d transition, (МІН 0) (] 2+ роѕѕеѕѕ ргееп colour, 
whereas СМ is a strong field ligand so pairing 
occurs and a solution of [Ni(CN),]?- is colourless. 


Ы cl 
(iii) The IUPAC name of the complex [Co(NH) (CO?) 


is pentaamminecarbonatocobalt (Ш) chloride. 
38. In both the complex compounds, Fe is in +2 oxidation 


state with configuration 346, i.e. it has four unpaired 
electrons, 


| coordination Compounds 


In the presence of weak Н.О li 

etn do Rot pait up but in The presence of ais 
ligand СМ”, they get paired up. 005 
Then no unpaired electron is Je 
in the number of unpaired elec 
have different colours, 


3d 
ex [ETETETE] рәрәрәә EL] 


ft. Due to this difference 
trons, both complex ions 


CN-CN-CN-CN- 
dsp? hybridisation 
Square planar structure 
à 4- ` 
39. (i) [Ее(СМ№) с] : In this complex, Fe is present as Fe?* 
Fe = [Ar] 3d°452 
Outer configuration of Fe?* = 3464,0 


54 
= 


СМ being strong field ligand, pair up the unpaired · 


d-electrons. Thus, two 3d-orbitals are now available 


forCN ions. s 
NE Sq Sm 
[Ее(СМ) 1 = ЫЫ ру 
= CN CN-CN-CN-CN- СМ 
No unpaired : 


electron . ,  a’sp>-hybridised 


Since, all the electrons are paired, the complex is 
diamagnetic. Moreover, (n — 1) d-orbitals are 
involved in bonding. So, it is an inner orbital or low 
spin complex. | 


(ii) [Ее] In this complex, the oxidation state of Fe is 
+3, Fe?* = 34?45° 
345 4s 


a ip 44 
r “LET ICL LITT 


F^ is a weak field ligand, so no pairing occurs. 
Thus, 3d-orbitals are not available to take part in 
bonding. 


[ЕеЕ ]2- = 


34 44 
пин pappa] CEL] 


spa 2 hybridised 


Because of the presence of five unpaired electrons, 
the complex is paramagnetic. Moreover, nd-orbitals 
are involved in bonding, so it is an outer orbital or 
high spin complex. 


(iii) [Со(с,О, )з]27 In this complex, the oxidation state | 


of Co is +3. 


74,2 
Outer configuration of Co= 3d 4s à 
Co?* = 34° 4s 


345 


4j? 
' "Cot = 8 
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Oxalate ion being а strong field ligand pair ир the 
3d-electrons, thus two out of the five 3d-orbitals are 
available for oxalate ions. 


. 34 
(Coco? ШЕ ор 


_———— 


hybridised 


Since, all the electrons are paired, hence this complex 
is diamagnetic. It is an inner orbital complex because 
of the involvement of (n — 1) d-orbital for bonding, 
(iv) Refer to text on page 183. 
40. (i) Potassium díaquadioxalatochromate(III) hydrate 
| CN=6 
^. Shape = octahedral 
Oxidation state of 
Cr=x+0+2x(-2)=-1 
x =3 
E.C of Сг?* 2 3d? or tee 
Unpaired electrons (n) =3 
Magnetic moment (1) = ./n(n+ 2)BM 


= 3x 5 = 3.87 BM 


(ii) Pentaaminechloridocobalt (IIT) chloride 


CN of Co=6 
Shape = octahedral 
OS of Co = +3 


Со?+ = 3dSor t ёр 
Number of unpaired electrons (п) = 0 
p -0 
(iii) Trichloridotripyridinechromium (Ш) 
Coordination no. of Cr = 6. 
Shape = Octahedral 
Oxidation state Cr: x -3+0=0, x = +3 
EC.of Cr” 23d! = (3,60, n-3 p=387 BM. 
(iv) Caesium tetrachloridoferrate (III) 
CN of Fe =4, 
Shape = tetrahedral 
OS of Fe=+3 


Fet =3d° or ete 
Number of unpaired electons (п) = 5, 
= X5 (5 + 2)BM 
H = 592 ВМ 
(у) Potassium hexacyanomanganate (Ц) 
CN of Mn = 6 
Shape = octahedral 
OS of Mn = + 2 
2 $4 45 10 
Mn** = 3d? or tae Cy, 
Number of unpaired electons (п) = 1, 
Н =1.73 BM 
41. Refer to text on pages 183 and 185. 


| TOPIC 3] 


Metal Carbonyls, Stability and Significance 


of Coordination Compounds 
METAL CARBONYLS 


Compounds of transition metal with carbonyls (carbon 
monoxide), are known as metal carbonyls. These carbonyls 
have simple well defined structure. Tetracarbonylnickel (0) 
is tetrahedral, pentacarbonyliron (0) is trigonal bipyramidal 
while hexacarbonyl chromium (0) is octahedral. 
Decacarbonyldimanganese (0) is made up of two square 
pyramidal, Mn(CO); units joined by Mn— Mn bond. 
Octacarbonyldicobalt(0) has a Co—Co bond bridged by 
two CO groups. It is of two types, i.e. mononuclear and 
polynuclear. The structures of some metal carbonyls are 
given below : 


СО Р ү? 
ОС ОС CO 
Ni >>Fe—co 2 к 
ос” | `соос | QE erus 
СО СО СО 
Ni (CO), Fe(CO), Cr(CO), 
Tetrahedral Trigonal Octahedral 
bipyramidal 
i 
OC «€ CO 
NN A 
PANDA. C 
OC : CO 
О 
[Co?(CO)g] 
PNE 
ОС— Mn Mn— CO 
A aaz] 
СО `СО СО СО 
[Mn2(CO) 0] 


Structures of some representative 
homoleptic metal carbonyls 


Bonding in Metal Carbonyls 

The metal-carbon bond in metal carbonyls possess both 
С and m-character. The M—C o-bond is formed by the 
donation of lone pair of electrons of the carbonyl carbon 
into a vacant orbital of the metal. The МС T-bond is 
formed by the donation of a pair of electrons from a filled 


d-orbital of metal into vacant antibonding л“ orbital of 
carbon monoxide. The M—L bonding creates a synergic 
effect which strengthens the bond between CO and the 


| VAs * 
Ce NS 


Synergic bonding 


SIABILITY OF COORDINATION 
COMPOUNDS 


The stability ofa complex or coordination compound refers 
to the extent upto which it exists in a solution as coordination 

sphere. Factors affecting the stability of complex are : 
(i) Charge on the central metal ion Greater the charge on 
the central metal ion, greater the stability of complex. 

(ii) Nature of the metal ion Groups 3 and 6 and inner 
transition elements form stable complexes when donor 
atoms of the ligands are N, O and F. The elements after 
group 6 of the transition metals form stable complexes 
when the donor atoms of the ligands are the heavier 
members of N, O and F family. 

(iii) Basic nature of the ligands Greater the basic strength, 

` greater is the stability of the complex. 

(iv) Presence of chelate rings Its presence increases the 
stability of the complex. It is called chelate effect. It is 
maximum for the 5 and 6 membered rings. 

(v) Effect of multidentate cyclic ligands If the ligands are 
T multidentate and cyclic without any steric effect, 0 
stability of the complex get increased. 


Stability Constant 


Stability of a complex is measured in terms of stability 
constant. It is actually the magnitude of equilibrium 
constant of the complex formation reaction, 

It is of two types : 


(a) Stepwise Stability Constant 


* L] L] . е of 
A complex is formed in a stepwise additive attachment is 
ligand to the metal. Equilibrium constant for every yi^ 
nown as stepwise stability constant of a complex an 


denoted by К, (where, л can take any integer value i! 
to infinity). 


| 
| 


| 


coordination Compounds 


(b) overall Stability Constant 


The equilibrium constant of overall formation of complex in 
4 reaction is called overall stability constant denoted by B. 


It is given as: 
(M (H20),]* »L —9 ML, +nH,0 


[ML, ] 
В, L————— 
[M (H50), (АШ 
Consider the following chemical reaction 
M+4L == МІ; 4 =[ML;][M][LÍ 
where, B4 is the overall stability constant. 


Overall stability constant is the equilibrium constant for net 
reaction. The stepwise stability constant can be given as: 


M+L == ML, h-[MLUUL]U] 
ML+ L == ML, k, =[ML MLL) 
ML +1 == Mh, k =[ML M ML; UJ 
ML; +1 «= ML kį=[ML4 MML Y] 


where, ky, k2 etc., are referred to as stepwise stability constants. 
The stepwise stability constants and overall constants are 


related as: 
B4 2 4 X kz X & X k4 or more generally 


ad В, =A xb xb Xh c 

eg; C +NH, == aN) 
fy =[Cu(NH3)** Си? NB; ] 

Cu(NH3)2* + NH3 == Cu(NH3)2", 

by =[Cu(NH,)3* {Си (ЧН, [NH3], ete. 


Also, B4 =[Cu(NH3)2* Си" ]INH3 Г 


SIGNIFICANCE OF 
COORDINATION COMPOUNDS 
coordination compounds 


he natural as well as 
f these compounds 


Due to their complex structures, 

old very important significance in t 
man-made realms. Important applications о 
йге discussed below : 


1. In Biological Systems 
(i) Haemoglobin, the oxygen carrier in blood, is a 
coordination compound of Fe2* with porphyrin ring. 


(i) The pigment chlorophyll in plants, responsible for 
rdination compound of Mg 


Photosynthesis, is a соо 
With porphyrin. 


197. 


(iii) Vitamin B, also called cobalamin, is а coordination 


compound of cobalt. 


2. In Medicinal Chemistry 
(i) The platinum complex cis- [P(NH5)2 СІ) }, 
commonly known as cis-platin, is used in the 
treatment of cancer. 
(ii) EDTA complex of calcium is used in the treatment 
of lead poisoning. 
(iii) The excess of copper and iron present in animal 


system are removed by the chelating ligands 
D-penicillamine and desferrioxime B via the 


formation of complexes. 


3. In Analytical Chemistry 


(i) Detection of Cu*?: 
(ii) Estimation of hardness of water. 
(iii) Ni?” is detected by the formation of a red complex 
with dimethyl! glyoxime (DMG). 
(iv) Theseparation of Ag" and Hg? + in group I is based 
on the fact that AgCl dissolves in NH3, while 
Hg,Cl, makes an insoluble black substance with it. 


4. In the Extraction/Metallurgy 
of Metals 


(i) Extraction of various metals from their ore 
involves complex formation, e.g. silver and gold 
are extracted from their ore by dissolving it in 
NaCN. 
(ii) Also used for the purification of metals, e.g. 
Mond’s process for the purification of nickel, in 
which impure Ni is converted to [Ni(CO) 4 ] which 


is decomposed to yield pure nickel. 


5. In other Areas 

(i) Electroplating of metals involves the complex salts as 
electrolyte. 

(ii) It is used in homogeneous and heterogeneous 
catalysis, e.g. Wilkinson catalyst ((Ph3P)3 RhCI] is 
used for the hydrogenation of alkenes. 

(iii) It is used as an antiknock, e.g. ((C2 H5)4 Pb]. 

(iv) In photography, the developed film is fixed by 
washing with hypo solution which dissolves the 
undecomposed AgBr to form a complex ion, 
(Ag($3O4)? |, 


| TOPIC PRACTICE 3 | 


OBJECTIVE Type Questions 


1. 


Consider the following figure. 
ne 


Which type of bond formed between metal and 
ligand? 

(а) synergic bond (b) o-bond 

(с) zx-bond (d) None of these 


The M — Cz-bond is formed by the 


(a) donation of a pair of electrons 
(b) sharing of a pair of electrons 
(c) receiving a pair of electrons 
(d) None of the above 


The total number of metal-metal bond present 

in[Co?(CO)g]is 

(a) 0 (b) 3 (c) 2 (d) 1 

For the reaction of the type M +41 == ML; 

(a) larger the stability constant, lower the proportion 
of ML, that exists in solution 


(b) larger the stability constant, higher the proportion 
of ML, that exists in solution 


(c) smaller the stability constant, higher the 
proportion of ML, that exists in solution 


(d) None of the above 


The reciprocal of the formation constant is 
called 

(a) instability constant 
(c) stability constant 


(b) dissociation constant 
(d) Both (a) and (b) 
Which of the following complexes formed by 
Cu?" ions is most stable? NCERT Exemplar 
(a) Cu” + 4NH4 —> [Cu(NH34]?*, logK 211.6 

(b) Cu” + 4CN^ —> [Cu(CN),]*, logK = 273 

(c) Cu” «26^ —À [Cu(en),]**, log K =15.4 

(d) Cu” + 4H,O—> [Cu(H,0),]**, log K =8,9 
Hardness of water is estimated by simple 
titration with Naz - EDTA because 

(a) Ca?* ions form stable complexes with EDTA 

(b) Mg?* ions form stable complexes with EDTA 


(c) Ca 2+ions form unstable complexes with EDTA 
(d) Both (a) and (b) 


14. 


8. For lead-poisoning, the antidote used is 
(a) white of an egg 
(b) cis-platin 
(c) nickel 
(d) EDTA 

9. In photography, the use of Na7$03- 5H5O0 is 
(a) for converting AgBr into Ag5SO; 


(b) for converting AgBr into soluble thiosulphate complex 


(c) for converting AgBr into silver thiosulphate 
(d) in reduction of Ag metal from AgBr 


VERY SHORT ANSWER Type Questions 
10. 


metal-metal bond. 


11. A coordination compound (X) is used in the 
treatment of cancer. What is ' X' here? 

12. 
blood. 


SHORT ANSWER Type I Questions 


13. 


Calculate the overall complex dissociation 


Give an example of a metal carbonyl having 


Name the complex used as oxygen carrier in the 


Discuss the nature of bonding in metal carbonyls. 


NCERT 


equilibrium constant for the [Cu(NH3)4 Р+ ions, given 


that 34 for this complex is 2.1x 10! 
15. 


role of coordination compounds in 
(i) biological systems 
(ii) medicinal chemistry 
(iii) analytical chemistry 
(iv) extraction/metallurgy of metals 


SHORT ANSWER Type II Questions 


16. What is meant by stability of a coordination 


NCERT Intext 
Discuss briefly giving an example in each case, the 


NCERT | 


compound in solution? State the factors vua à 


govern stability of complexes. 
17. Calculate the 


(i) ratio of [Ag(NH3))]* and[Ag*] in 0.1 M NH3 


solution. 


(il) ratio of [Ag(S203}]3 and [Ag*]in 0.1 M S205 
solution. Given that the stability/formation ЫЎ 
constants (Ку) for [Ag(NHz3Ņ}" and [Ag(S23 


are 1,7x10" and 10 х10!3 respectively. 


18. Draw the structure of following homoleptic metal 


carbonyl. 


()[Ni(CO),] (ii) [Fe(CO)s] 


(iii) cr(CO* 


Coordination Compounds 


{9, What do you understand by stepwise stability 


20. 


1 


constant and overall stability constant of a 
coordination compound? How are these two 
constants related? 
Give an example for each when coordination 
compounds play an important role in 

(i) photosynthesis by plant. 

(ii) removal of excess of iron present in our body. 


21. 


199 


(iii) development of photographic film. 


Name the following: 
(i) Ring that is attached to Fe?* in haemoglobin. 
(ii) Vitamin Bj? is a coordination compound of 
this element. 
(iii) Complex that is used in homogeneous and 
heterogeneous catalysis. 


HINTS AND EXPLANATIONS 


(a) The metal-carbon bond in metal carbonyls possess 
both с and л-сһагасіег. The metal to ligand bonding 
creates a synergic effect which strengthens the bond 
between CO and the metal. 

(a) The М-С л-Бопа is formed by the donation of a pair 


2. 
of electrons. 
3. (d) р 
OC. / Cx. CO 
OC—Co——Co—CO 
ос/ NA \co 
O 
Total number of metal -metal bond = 1 
4. (6) For the reaction of the type | 


8 


9, (b) AgBr + 2Na2S203 


M+4L = МЦ, 
larger the stability constant, the higher the proportion of 
ML, that exists in solution. 

(d) The reciprocal of the formation constant is called 
instability constant or dissociation constant. 


(b) Greater the value of log K, greater will be stability of 


. complex compound formed. 


For reaction, T 
Cu* + 4CN^ —9 [Cu(CN)4] 


2- 
= [(СщСМ)) ] апа log К = 27.3 
[cu*][CN 
K has highest value among the 


Hence, K will also be higher among 
plexes will be highest 


For this reaction, log 


given four reactions. 
these four. i.e. stability of the com 
among these four complexes. 
(d) Hardness of water is estimated by simple titration 

with Na; EDTA because Ca?* and Mg^* ions form stable 


complexes with EDTA. 
(d) For lead poisoning, the antidote used is EDTA. 
—3À Na[Ag(S203)2] + NaBr 


'  Soluble complex 


10, Ма (СО), 
11, cis-platin, [Pt (МНз)2 С] 


12. Haemoglobin. 
13. Refer to text on page 196. 


14. Dissociation constant is the reciprocal of the stability 
constant, B4. Overall complex dissociation equilibrium 


1 
constant = — 
4 


u 1 

- 21x10! 
15. Refer to text on page 197. 
16. Refer to text on pages 196. 
17. (i) The equilibrium set up is 


Ky 
Ag’ + 2NH, == [Ag(NH3);]* 
+ 
* Stability constant, Ку = [АЕ ШУ. 
[Ag] [NH3]° 
217 x10 (given) 
+ 
кү: NS] =17х 10 x [NH 
[Ag] 
=1.7 x10 x (01) =1.7 x10 


(ii) The equilibrium set up is 
К, 
Ару + 28,03 «== [А(5›О;)„] 
/. Stability constant, 
Ag (5:03) 
с, = 188 (5203021 _ уох 10! (given) 


2 


[Ag*] [5505 


247x10 !* 


3 


‚‚ 1486202 бо). 10х 10? х[5,07] 
JAE ае 1.0х 10? x (0.1)? = 1x 10 
18, Refer to text on page 196. 
19, Refer to text on page 196. 
20. (i) Porphyrin (ii) Cobalt 
(iii) Refer to text on page 197. 
21. Refer to text on pages 197. 


SUMMARY 


Addition compounds are formed when two or more Stable 
compounds combine together in stoichiometric ratio. 
Coordination compounds do not dissociate and retain their 
identity in solution, e.g. K,[Fe (CN);] : 


Double salts dissociate and lose their identity in solution, 
e.g. Mohr's salt. 


according to Werner's theory primary valency is ionisable 
but Secondary valency is not. 
Coordination entity contains central metal atom/ion 
Surrounded by fixed number of ions or molecules. 
lons/molecules which donate their lone pair of electrons to 
central metal ion are called ligands.They may be positive, 
negative or neutral. ч 
On the basis ої number of donor atoms present, ligands 
are classified as monodentate,bidentate or polydentate. 
The number of ligands bonded to the metal is called 
coordination number. 

CN = number of ligands x denticity 


Oxidation number is the charge carried by central metal 
atom/ion if all the ligands are removed. 


IUPAC Nomenclature 

* For Cationic Complexes : Counter ion name + ligand 
name with quantity in alphabetical order 4- metal name + 
ate + (OS of metal) 

* For Anionic/Neutral Complexes : Ligand no. + ligand 
name (alphabetically) + metal name + (OS of metal) 4- 
counter ion name (if present) 

H5O-aqua, NO-nitrosyl, CI” - chlorido, CN" - cyano, etc 


Structural isomerísm is due to difference in structural 
arrangement. 


lonisation isomerism This is shown by isomers which give 
different ions in solution or in molten state, e.g. 
[Co (NH3);SO,]Br and [Co(NH,4); Br] SO,; 


Linkage isomerism is due to presence of ambident 
ligands like МО», SCN etc. 

Coordination isomerism arises when both the ions are 
complexes, e.g. [Co(NH3),] [Co (CN),] . 


Hydrate isomerism is due to difference in H,O molecules 
inside the sphere. 


Stereoisomers have same molecular formula but differ, 


Ent spatia 
arrangements, 


Geometrical isomerism is shown by complexes of the type 
MA,B,, MABCD, MA,B, etc. but not by tetrahedral Complexes. 


Optical isomerism is shown by complexes having atleast One 
bidentate ligand. 


Valence bond theory (VBT) explains the formation, magnetic 
behaviour and geometrical shapes of coordination compounds, it 
fails to provide quantitative interpretation of magnetic properties. 
By this property of a complex can be calculated as: 

* Predict the OS of central metal atom/ion. 

* Write EC of central metal atom/ion. 

e Pair up the d-electron, if ligand is strong like CN", CO, NH, etc. 
Fill ligands in empty d-orbitals and predict hybridisations and 
Structure as. 


Orbital Used | Hybridisation Structure 
15+ 3p | sp? Tetrahedral 
19 +1s+2p | dsp? | Square planar 
2d+1s+3p | sp°d2 | Octahedral 


If unpaired electron (s) are present, then paramagnetic otherwise 
diamagnetic 
* (n—1)d — orbital used by ligand = inner orbital while and d-orbital 

used by ligand = outer orbital complx. 
Crystal field theory (CFT) is based on the effect of different crystal 
on degeneracy of d-orbital energies of central metal ion. 
Here, d-orbital of metal splits intod > апаа, (ie. e sel) and 

n x*-y 2 

d y, Aye. x (Le. tog set). 
For tetrahedral, ед <tog; For Octahedral, eg ?l5g 
* If Ag <P, then complex is high Spin or weak field. 
* If Ag <Р, then complex is low Spin or strong field. 
CFT provides quantitative estimation of orbital separation energies. 
magnetic moments and Stability parameters. 
Stability is measured in terms of stepwise stability constant. A 
complex is more stable if a metal has more charge. 
Metal-carbonyl compounds possess both c and л-сһагасіег. 4 
The ligand to metal is o-bond and metal to ligand is n-bond. Thi 
synergic bonding provides stability to metal carbonyls. 


CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 
{ Square planar structure is 
(a) [Ni(CO),] (b) [NiC] 
(c) [Ni(CN),] ^7 (d) None of these 
j Heterolyptic complex is 
(a) [Ее(СМ№),* 
(с) [Hg] 


3 Amagnetic moment of 1.73 BM will be shown by 
one among the following. ; 


(а) [Cu(NH; ,]* 
(c) TiCl, 


(b) [Co(NH3), SO, 
(d) [Co(NH,),] * 


(b) [Ni(CN),]- 
(d) [Сос] 


4 Amongthe ligands NH3, en, СМ and CO, the correct 
order of their increasing field strength, is 
(a) СО < МН, «en « СМ” (b) NH, < еп < CN «CO 
(с) СМУ «NH, < СО <еп (d) en< CN < NH, < CO 


CASE BASED Questions 
Case | 
Crystal field theory was proposed by H. Bethe and van 
Vleck in 1930. L. Orgel in 1952, gave a much more 
satisfactory explanation for the bonding and the 

- properties of complexes. The crystal field theory (CFT) is 
an electrostatic model which considers the metal-ligand 
bond to be ionic arising purely from electrostatic 
interactions between the metal ion and the ligand. In an 
octahedral coordination entity with six ligands 
surrounding the metal atom/ion, there will be repulsion 
between the electrons in metal d-orbitals and the electrons 
(or negative charges) of the ligands. Such a repulsion is 
more when the metal d-orbital is directed towards the 
ligand than when it is away from the ligand. 
The degeneracy of the d-orbitals has been removed due to 
ligand-metal electron repulsions in the octahedral 
complex to yield three orbitals of lower energy, fp, set 
and two orbitals of higher energy, e, set. 


The splitting of d-orbitals in an octahedral crystal field can 


be seen in following diagram. 


Energy 


Metal F EN 
d-orbitals |.“ Е 
iuf 14.47 
Splitting of d-orbitals 
in octahedral 
crystal field 


| 


dg y dz dy da dy, Average energy 
Free metal ion of the d-orbirals in 
spherical crystal field 
The following questions are multiple choice questions. Choose 


the most appropriate answer : 


5 What is full form of CFSE? 
(a) Crystal field stabilisation energy 
(b) Crystal field shield energy 
(c) Crystal field shield electronegativity 
(d) None of the above 

6 Which of the following ligand is stronger than СГ? 
(a) SCN ^ (b) CO 
(c) Br (d) I^ 

Or Arrange the following complex ions inthe 


increasing order of crystal field splitting energy. 
стс, I5", ICr(CN) ^, Cr(N Has". 
I Il Ш 


(a) HI «II «I (b) I< M< 
(c) П<1<Ш (d) I« lE «ll 


7 Whatis spectrochemical series? 
(а) Arrangement of ligand 
(b) Order of field strength of ligand 
(c) CFSE values order of ligand 
(d) All of the above 
8 On the basis of CFT, write the electronic 
configuration of d* in an octahedral field when 
Ao <Р. 


21 22 \ 
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Case Il 


Isomerism is a phenomenon in which compounds have the 
same molecular formula but different physical and chemical 
Properties on account of different structures. The two major 
types of isomerism are structural and stereoisomerism. The 
structural isomerism is further divided into four types: 
Linkage, coordination, ionisation and solvate isomerism. 
While, the stereoisomerism is divided into two types : 
geometrical and optical isomerism. 
In the question that follow Assertion and Reason are given. 
Reason is purported to the explaination for Assertion. Study 
carefully and then mark your answers, according to the codes 
given below. Marks your answer as : 
(a) Both (A) and (R) are true and (R) is the correct 
explanation of (A). 
(b) Both (A) and (R) are true but (R) is not the correct 
explanarion of (A). 
(c) (A) is true but (R) is false. 
(d) (A) is false bur (R) is true. 


9 Assertion Ionisation isomerism shown by 

compounds having same composition. 

Reason Compounds having same ions in the 

solutions. 

Assertion Coordination compounds show linkage 

isomerism. 

Reason They have ambidentate ligands. 

Assertion [Pt(NH;),] [PtCI,] shows coordination 

isomerism. 

Reason It also shows ionisation isomerism. 

11 Assertion [Co(NH;),SO,]Br and 
[Co(NH);Br]SO, show ionisation isomerism. 
Reason Because they have Co metal. 


10 


Or 


Assertion Heteroleptic complexes show 
geometrical isomerism. 

Reason Complexes with coordination number 6 
and 8 are heteroleptic. 


ASSERTION and REASON 


п Directions (Q. Nos. 13-20) Jn the following questions. an 
Assertion (A) is followed by a corresponding Reason (R) Use the 
following keys to choose the appropriate answer, 
(a) Both (A) and (R) are correct, (R) is the correct 
explanation of (A). 
(b) Both (A) and (R) are correct, (R) is not the correct 
explanation of (A). 
(c) (A) is correct; (R) is incorrect. 
(d) (A) is incorrect; (R) is correct. 


13 Assertion (A) In the coordination compound 
[Co (H,NCH,CH,NH,)3],, ethane-1,2-diamine is a 
neutral ligand. 


14 


15 


16 


17 


18 


20 


| Allřnone | CHEMISTRY Chy, 


lay, 
Reason (R) Oxidation number of Co in the соту 
ion is +3. Plex 
Assertion (A) Isomers differ in one or more 
physical or chemical properties. 
Reason (R) These have different arrangement of 
atoms. 
Assertion (A) Tetrahedral complexes do not show 
geometrical isomerism. | 
Reason (В) The relative positions of the unidentate 


ligands attached to the central metal atom are the 
same with respect to each other. 


Assertion (A) Oxidation number of Cr in 
[Cr(NH3)3(H,O)3] Cl; is same as the charge of the 
complex ion, +3. 

Reason (R) All the ligands are neutral molecules in 
this compound. 


Assertion (A) The stability of [N i(en)3] Cl, is lower 
than that of [Ni(NH3),]Cl,. 

Reason (R) The geometry of Ni is trigonal 
bipyramidal in [Ni(en),]Cl,. 

Assertion (A) The ligands of nitro and nitrito are 
called ambidentate ligands. 

Reason (R) These ligands give linkage isomers. 
Assertion (A) [Ni(CN),]^- is square planar and 
dimagnetic. 

Reason (R) It has no unpaired electrons due to 
presence of strong field ligand. 


Assertion (A) The total number of isomers shown 
by [Co(en);Cl;]* complex ion is three. 

Reason (К) [Co(en),Cl,]* complex ion has an 
octahedral geometry. 


VERY SHORT ANSWER Type Questions 


21 


22, 
23 


24 
25 


26 


27 


What is the coordination number of Fe in 
[Ее (CN);]*7? 


Write the IUPAC name of [Co(NH3);ONO]**. 


Write the oxidation number of Pt in 
[РЕСІ,(М№Н;),] 

Write the IUPAC пате of [РЕСІ ]2-. 

How many ions are produced from the complex 
[Cr(H,0),]Cl, in solution? 

Give the examples of two coordination comple", 
where central metal atom has coordination num 
(i) 4 (ii) 6 

Which type of isomerism is exhibited by 
[Co(NH3), (NO, )4] ? 


Coordination Compounds 


2$ Give one example for each. 


(i) Neutral ligand of carbon 
(ii) Positive ligand of nitrogen 


29 Anelement 'X has one unpaired electron. 


30 


31 


32 


Calculate its magnetic moment. 


Write an important factor on which the crystal 
field splitting depends. 


Arrange the following complex ions in the 
increasing order of crystal field splitting energy 
(A,),[Fe(CN),I*", [Fe(CO);], [Fe(en)3]°* 

If an element have high positive charge then 
what will be its affect on the stability of 
complex? 


SHORT ANSWER Туре І Questions 


33 


34 


35 


36 


37 


38 


39 


41 


Draw all the possible geometrical and optical 
isomerism of [Co(NH3);Cl;(en)]". 


What is crystal field splitting among octahedral 
and tetrahedral crystal fields? In which case, the 
magnitude of crystal field splitting is larger? 


Acomplex of the type [M (AA), X;]"* is known to 
be optically active. What does this indicate 
about the structure of complex? Give one 
example of such complex. 
Write the structures and names of all 
stereoisomers of the following compounds: 

(i) [Co(en)3]Cl3 (ii) [Pt(NH3);Cl5] 


The complexes [Co(NH3)g] [Cr(CN),] and 
[Cr(NH,)g] [Co(CN)g] are the examples of which 
type of isomerism? State its definition. 
How many isomers can be formed for the 
complex [Co(C,0, ),(№Н3з)]? 
Give the пате, the stereochemistry and 
the magnetic behaviour of the following 
complexes. | 

(i) [Co (МН)„С11С1; 

(ii) K[Ni(CN),] 
Give the formula of each of the following 
coordination compound entities. 

(i) Co** ion is bound to one Cl, опе NH3 


molecule and two bidentate 
ethylenediamine (en) molecules. 


(ii) Ni2* ion is bound to two water molecules 


and two oxalate ions. 
Write the structure of [Co?(CO)s 
(Мп, (СО),о]. 


Јапа 
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42, List down the major factors which affect the stability of 


coordination complexes. 


43 Explain the following. 


(i) Complex that is used as an anti-knock. 
(ii) Complex of calcium used in the treatment of lead 
poisoning. 


SHORT ANSWER Type II Questions 


44 
45 


46 


47 


48 


49 


50 


51 


52 


53 


54 


Explain the shape and magnetíc behaviour of 
[Ni(H,0).]”*. 

Draw the diagram showing splitting of d-orbital in 
tetrahedral complex. 

Name the compound |[Fe(H,O);NO]* and explain the 
magnetic properties of [Fe(H,O); NOJ” and oxidation 
state of iron in this complex. 


Using valence bond theory, explain the following in 
relation to the complexes, given below -[Mn(CN), 


[Cr(H,O)g]**. 
(i) Type of hybridisation 
(ii) Magnetic behaviour 
(iii) Inner or outer orbital complex 
Compare the following complexes with respect to 
structural shapes of units, magnetic behaviour and 
hybrid orbitals involved in units. 

(i) [Ni(CN},] (ii) [НС (iii) [CoFe 
(Atomic number of Ni= 28, Co = 27) 

Giving a suitable example for each, explain the 
following. 

(i) Linkage isomerism (ii) Chelating ligand 
[Co(NH,)]°* and [CoF,]*", both the complexes contain 
cobalt in +3 oxidation state, but[Co(NH3 y)?" is 
diamagnetic while [Сов] is paramagnetic with 
magnetic moment 4.90 BM. Explain. 

Give detailed description of CFT for different types of 
ligand and explain how CFT explain colour of 
coordination compound? Use suitable examples to 
explain. 

Explain the hybridisation, geometry, magnetic 
properties, IUPAC nomenclature and comparative 
stability of [Fe(CN)s] "and [Fe(CN); P. 


Draw all the possible isomers (structural and 
stereoisomeric) having the composition 

[CrBr СІ (МН), 

Square planar complexes of MX;L, type with 
coordination number of 4 exhibit geometrical 
isomerism whereas tetrahedral complexes with similar 
composition do not. Why? 


Р 
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55 (i) Why [Ni(CN, )]2- form inner orbital complex while 
[Ni(H;O);]?* form outer orbital complex ? 
(ii) Give two significances of coordination compounds. 


56 [Ti(H;OXP* absorbs light of wavelength 500 nm. 


Name one ligand which would form Ті(Ш) complex 
absorbing light of lower wavelength than 500 nm and 
one ligand which would form a complex absorbing 
light of wavelength higher than 500 nm. . 


57 Ametalion M"* having d* valence electronic 
configuration combines with three bidentate ligands to 
form a complex compound. Assuming A, » P. 

(i) Draw the diagram showing d-orbital splitting 
during this complex formation. 

(ii) Write the electronic configuration of the valence 
electrons of the metal M"* ion in terms of t26 
and eg. 

(iii) What type of hybridisation will M"* ion have? 


58 Predict the number of unpaired electrons, the 
magnetic moments for each of the following complex. 


(i) [Fe(CN),]*~ 
(ii) [Cr(NH3)g]?* 
(iii) [Sc(H,O),]** 


| ANSWERS | 


1 (c) 2 3(a 4(b) 


5 (a) When ligands approach a transition metal ion, the 
d-orbitals split into two sets, one with lower energy and 
other with higher energy. The difference of energy, 
between two sets of orbitals is called CFSE. 


6 (b)CO can form c as well as n-bond. Therefore, it is a 
stronger ligand than CI*. 
Or (b) CFSE is higher for strong field ligands. 
So, the correct order is 
[СгС1]°7 < (Cr(NH;),* * «[Cr(CN), P" 
I Ш II 


7 (d) The arrangement of ligands in order of their : 
increasing field strengths, i.e. increasing CFSE values is 
called spectrochemical series. 

3 1 

8 (c) t;,e,. pa 

(с) Ionisation isomerism arises when compounds give 

different ions in the solution, although they have same 

composition. Only (A) is true. 
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LONG ANSWER Type Questions 


59 PtCl, and NH; may form five complexes, 
A(PtCl, -6NH3), B(PtCl, 5NH;), C(PtCI, ANH, 
D(PtCI, · 3NH3) and E(PtCI, - 2NH;) One mole of 
each A, B, C, D and E reacts with excess of 
AgNO; to yield 4, 3, 2 and 1 mole(s) of AgCl 
respectively, while E gives, no AgCl. The 
conductance of their solutions are in the Order 
A>B>C>D>E.Onthe basis of Werner's theory 
write their structure and give the total number of 
ions given by one complex. 


60 Indicate the types of isomerism exhibited by the 
following complexes and draw the structures for 
these isomers. 

(i) [Co(NH3);NO3]SO, (ii) 

[CoCl(NH3),(H,0)] Br, 

(iii) [Cr(H,0);(SCN)]** (iv) [Со(еп)з] [Cr(CN)] 

(v) [Pt NH,Cl (Py);] 

61 (i) What is the basis of formation of the 

spectrochemical series? 

(ii) Draw the structures of geometrical isomers 
of the following coordination complexes: 


[Co(NH3)3Cl3] and[CoCl,(en),]* 


(en = ethylene diamine and atomic number 
of Co is 27). 


10 (а) Linkage isomerism is shown by the coordination 
compounds containing ambidentate ligands. Both (A) ad | 
(R) are correct and (R) is the correct explanation of (A). 

Or The complex [Pt(NH, ),] [PtCl,] shows coordination 
isomerism. Only (A) is true. 


11 (0 Only (A) is true. 


12 (с) Heteroleptic complexes with coordination number 
4 and 6 show geometrical isomerism. Only (A) is true. 


13 (b) Ethane-1, 2-diamine is a neutral ligand as it 
carries no charge. Oxidation number of Co in the 4 
complex ion is +3. Both (A) and (R) are correct but (R)¥ 
not the correct explanation of (A). : 
al 


14 (a) Isomers differ in one or more physical or chemic { 
properties because these have different arrangement 0 
atoms. Both (A) and (R) are correct and (R) is correct 
explanation of (A). 


15 (a) Tetrahedral complexes do not show geometrical 
isomerism because the relative positions of the art 
unidentate ligands attached to the central metal atom 


coordination Compounds 


same with respect to each other. Both (A 
correct and R is correct explanation на meg 

16 (a) Oxidation number of Cr in [Cr(NH, ),(H 20),]CI, is 
same as the charge of the complex ion, i.e. +3 because all 
the ligands are neutral molecules in this compound. Both 
(A) and (R) are correct and (R) is correct explanation of (А). 

17 (9 [Ni(en), ]Cl, is more stable than [Ni(NH, ),]Cl,, 
because [Ni(en),]Cl, is a chelating compound which аге 
more stable than complexes with unidentate ligands as 
the dissociation of complex involves breaking of two 
bonds instead of one. | 
[Ni(en), Cl;] show octahedral geometry with 4° 
configuration. (A) is correct but (R) is incorrect. 

18 (a) When a monodentate ligand has two possible donor 
atoms and attached in two ways to the central metal 
atom then that ligand is called ambidentate ligand. e.g. - 
nitro (NO, ) and nitrito (ONO). These show linkage 
isomerism. Both (A) and (R) are correct and (R) is the 
correct explanation of (A). 


19 (a) [Ni(CN),]" is square planar and dimagnetic. 
Ni => 30° 42; | Ni?* + 3d* 45° 


34 4s 4p 
МСМ” 


dsp? -hybridised 
square planar 

2. This complex has no unpaired electron. 
Both (A) and (R) are correct and (R) is the correct 
explanation of (A). 
(b) [Co(en), Cl,]* exist in cis and trans isomers out of: 
which cis isomer will be optically active (cis-d-isomer) 
and (сіѕ-/-іѕотег). Both (A) and (В) are correct but (R) is 
not the correct explanation of (A). 
21 Coordination number of Fe is 6. 
22 Pentaamminenitrito-o-cobalt (Ш). 
23 Pt (II) 
24 Hexochloroplatinate (IV) 
25 4ions 
26 Coordination number 4 =[Pt(NH3)2 CL] 


2 


e 


м2 


о 


Coordination number 6 =[Co(NH;), CL] 


27 Linkage isomerism. 
28 (i) CO (ii) NO* 
29 Using formula p = п(п+2)ВМ =1.73 BM 


30 
31 


32 
33 
34 
35 
36 


37 
38 


E 


40 


41 
42 
43 
44 
45 
46 


47 
48 
49 


50 


51 


52 
53 
54 
5h 


56 
57 
58 


59 
60 
61 
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Crystal field spliting depends upon the field produced by 
the ligand and charge on the metal ion. 


Hint Increasing order of field strength. 
en<CN < СО 

Hint Greater the charge, greater the stability. 
Refer to text on page 176. 

Refer to text on pages 186 and 187. 
Refer to text on page 176. 

(i) Refer to text on page 175. 

(ii) Refer to text on page 175. 

Refer to text on page 174. 

Three isomers. - 

(i) [Co (NH) (Cl) (еп), 
(ii) [Ni (H,0), (ox); ]- 

Refer to text on page 173. 

Refer to text on pages 196. 

Refer to text on page 196. 

Refer to text on page 197. 

Refer to text on page 185. 

Refer to text on pages 187. 
Pentaaquanitrosyl iron (II) oxidation state of Fe=+2 
Refer to text on pages 183 and 184. 
Refer to text on pages 183 and 184. 

(i) Refer to text on page 174. 

(ii) Refer to text on page 172. . 

Refer to text on pages 185. 

Refer to text on pages 186, 187 and 188. 
Refer to text on pages 185 and 187. 
Refer to text on page 174 and 175. 
Refer to text on pages 175 and 176, 

(i) Refer to text on page 184. 

(ii) Refer to text on page 197. 
Refer to text on page 187 and 188. 
Refer to text on pages 186 and 187. 
Refer to text on pages 185. 

(iii) [Hint] [Sc(H,0),]’* = diamagnetic. 
Refer to text on page 170. 

Refer to text on pages 174 and 175. 

(i) Refer to text on page 187. 

(ii) Refer to text on pages 174 and 175. 


RELATED ONLINE VIDEOS 


Visit : https://youtu.be/ft5yMiS-PyY 
OR Scan the Code 


Visit : https://youtu.be/f7reOyv wPO 
OR Scan the Code 


Visit : https://youtu.be/BNzEaqQkszo 
OR Scan the Code 


N 
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HALOALKANES AND 


HALOARENES | 


Halogens, being among the most electronegative elements, have great 
tendency to form various derivatives of organic compounds. These . 
derivatives are of great importance in terms of day-to-day applications, 
synthesis of other useful compounds, chemical research, etc. They can be 
synthesised in laboratories and are also found in nature. 


These compounds persist in the environment due to their resistance to 
breakdown by soil bacteria. They have great importance in medicines as 
well as in healthcare, e.g. chlorine containing antibiotic, chloramphenicol 
produced by soil microorganisms is effective in treatment of typhoid fever. 
Even our body produces iodine containing hormone, thyroxine, the 
deficiency of which causes a disease called goitre. These halogenated 
compounds involve haloalkanes and haloarenes which are discussed in this 
chapter. 

Synthetic halogen compounds, e.g. chloroquine is used in the treatment of 
malaria and halothane (CF; CHCIBr) is used as an anaesthetic in surgery. 
In this unit, we will study the important methods of preparation, physical 
and chemical properties and uses of organohalogen compounds. 


| TOPIC 1| 


Classification, Nomenclature and- 
Nature of Haloalkanes and Haloarenes 


The replacement of hydrogen atom(s) from a hydrocarbon, aliphatic or 
aromatic, by halogen atom(s) (i.e. F, Cl, Br, I) results in the formation of 
alkyl halide (haloalkane) and aryl halide (haloarene), respectively, 
Haloalkanes contain halogen atom(s) attached to the sp°-hybridised carbon 
atom(s) of an alkyl group, whereas haloarenes contain halogen atom(s) 
attached to sp*-hybridised carbon atom(s) of an aryl group. 


«7 CHAPTER CHECKLIST 


* Classification, Nomenclature 
and Nature of Haloalkanes 
and Haloarenes 


* Methods of Preparation of 
Haloalkanes and Haloarenes 

e Properties of Haloalkanes : 
and Haloarenes 

* Polyhalogen Compounds 


Jaloalkanes and Haloarenes 


CLASSIFICATION 


Hiloalkanes and haloarenes may be classified as follows: 


1. On the Basis of Number of 
Halogen Atoms 


g on the number of halogen atoms in their 


din 
m haloalkanes and haloarenes may be mono, di, 


structures, 
tri or polyhalogen (tetra, penta, etc.) compounds. 
CH,X 
CHX СН,Х CHX 
or 
С,Н;Х CH;X CH;X . 
Monohaloalkane ^ Dihaloalkane Trihaloalkane 
X 
MX 
Monohaloarene Dihaloarene Trihaloarene 


(where, X = F, Cl, Br, I) 


2. Onthe Basis of Nature of 
Carbon of C— X Bond 


Monohalo compounds may further be classified according 
to the hybridisation of the carbon atom to which halogen 


is bonded, as discussed below. 
A. Compounds Containing sp? C —X Bond 


These are classified into three types: 

(i) Alkyl halides or Haloalkanes (R— X) In these 
halides, the halogen atom (X) is bonded to an alkyl 
group (R). They form a homologous series of. - 
compounds represented by the formula C,H, , , ; X. 
They are further classified as primary (1°), secondary 
(2^) or tertiary (3*) depending upon the nature of 
carbon atom to which the halogen is attached. 


R’ i 


| | 
tg R—C—X; pr dew 


H H В", 
Primary (1°) Secondary (2°) Tertiary (3°) 
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reds alles 
Edi Ж ў Ja Br; СН,—С—Вг 
H CH; | CH; 
Bromoethane ^ 2-bromopropane 2-bromo-2-methylpropane 


(Primary or 1°) (Secondary or 2°) (Tertiary or 3°) 


(ii) Allylic halides In these halides, the halogen is bonded 
to the sp?-hybridised carbon atom next to 


carbon-carbon double bond which is also called allylic 
carbon. Hence, these halides are called allylic halides, 


Jub Н 
е 
да ДЫ, z 
CH;X, isr l 
3-haloprop-l-ene _3-halocyclohex-1-ene 
(Allyl halide) С] 


CH=CH AAA CI, 
3-chloroprop-1-ene 
> 3-chlorocyclohex-1-ene 


(iii) Benzylic halides In these halides, the halogen atom 
is bonded to the sp?-hybridised carbon atom next to 


an aromatic ring, i.e. to a benzylic carbon. 


! R 
СНХ x 
©” 


(1°) 
If R’ = R” =CH; (3° )] 


CH; 
СН, С 
Сут Ore 


(1°) (2°) 


[If A" CH, A" =H (2°) 
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B. Compounds Containing sp?C — X Bond 


In these compounds, halogen is directly attached to one 


of the doubly bonded carbon atom (—C = C— X). 


These are classified into the following two types: 
(1) Vinylic halides In these halides, the halogen atom is 
bonded to the sp^-hybridised carbon of one of the 
carbon atoms of a double bond, i.e. vinylic carbon. 
e.g. X 
i TE NY > 
Haloethene 
(Vinyl halide ) 1-halocyclohex-1-ene 
(ii) Aryl halides In these halides, the halogen atom is 
bonded to the sp? -hybridised carbon atom of ап 


aromatic ring. | 

Шелер 
H3C 

Halobenzene p-halotoluene 


NOMENCLATURE 
1. For Monosubstituted Haloalkane 


The common names of alkyl halides are derived by 
naming the alkyl group followed by the name of halide 
(chloride, bromide, etc). Here, the prefixes 1-5 йо, sec-, 
tert-, etc., are used. In IUPAC system, alkyl halides are 
named as halosubstituted hydrocarbons, i.e. haloalkanes. The 
names are written by prefixing the word ‘halo’ to the name 
of alkane corresponding to the longest continuous carbon 


chain having the halogen atom. 
e.g. CH;CH;CH,l; 
Common name n-propyl iodide 
IUPAC name (1-iodopropane) 
CH3;— CH == СН, — Вг; 
CH; 
Common name _4s0-buty| bromide 
. . IUPAC name (1-bromo-2-methylpropane) 
t 
CH; 
СН, С CH;Cl 
CH; 


Common name ` neo-pentyl chloride 
IUPAC name (1-chloro-2, 2-dimethylpropane) 
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2. For Disubstituted Haloalkane 


The dihaloalkanes having the same type of halogen atom, 
are named as alkylidene or alkylene dihalides. The dihalo 
compounds having same type of halogen atoms are 
further classified as: 

(i) Geminal halides Here halogen atoms are present on 


the same carbon atom. 
(ii) Vicinal halides Here halogen atoms are present on the 
adjacent carbon atoms. 
dihalides are named as 


In common name system, gem- 
alkylidene halides, whereas vic-dihalides are named as 


alkylene dihalides. In IUPAC system, they are named as 


dihaloalkanes. 
C! CH; — CH, 
| CH,CH( [D | 
Я VE: C 
gem-dihalide vic-dihalide 
Common name Ethylidene chloride Ethylene dichloride 
1,1-dichloroethane 1,2-dichloroethane 


IUPAC name 


3. For Haloarenes 
They are named by prefixing ‘halo’ before the name of 
the aromatic hydrocarbon. 

Haloarenes are the common as well as IUPAC names of 


aryl halides. For dihalogen derivatives, the prefixes o-, m- 
- are used in common system but in IUPAC system, the 


numerals 1,2; 1,3 and 1,4 are used respectively. 
Br 


Br 
o | Вг 
(b) 


(a) 
Br 


Br Br 

(c) 
Common and IUPAC names of above fi 
below: 


gures are given 


ZERE, IUPAC name 


(а) Bromobenzene Bromobenzene 
tba Beni OSET RET 


(b) _m-dibromobenzene 1,3-dibromobenzene 


(c) sym-tribromoberizene 1,3,5-tribromobenzene 


alkanes and Haloarenes : 


\ yalo 
Common and IUPAC names of some halides 
‚сше Common name IUPAC name - 
= CH, CA n-propyl fluoride 1-1иогоргорапе Еи 
ТОШОГУ ш 
un (С) СН; ^ sec-butylchloride — 2-chlorobutane 
Qui er tert-butyl bromide — 2-bromo-2-methyl 
nre propane 
сн = CHBr Allyl bromide 3-bromopropene 
23 т Vinyl chloride Chloroethene 
cio Ў Methylene chloride Dichloromethane 
сю, Chloroform’ _ Trichloromethane 
TB Bromoform , Tribromomethane 
СО, Carbon | Tetrachloromethane 
tetrachloride 
CH3 А 
1-chloro-2-methyl 
Cl o-chlorotoluene benzene 


or 
2-chlorotoluene 


Benzyl chloride Chlorophenylmethane 


CHCI 


EXAMPLE |1| Write the IUPAC names of the following 
compounds: 
(i) (CCL); CCL 
(i) (CH), CH — С(й)с,ну1-р 
Sol 
(i) We follow the following steps: 
І To write the IUPAC name, we first expand the structure 


NCERT 


of the compound as follows: 
СІ 
| 
Cl—C—Cl 
(e | 
|, 
Cl— п — C—C 
d | 
cl =F zc 
Cl 


IL Now we do the numbering of the carbon chain, 
Specifically from the end where functional group is 
nearer and/or more in number. In this case, 
numbering from both the ends is equivalent. 

Then we write the IUPAC name, counting the 
Dctional groups and their positions. 

Thus, the name of the given structure is 

2 (trichloromethyl)-1,1,1,2,3,3,3. heptachloropropane. 
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(ii) The expanded structure is: 
CH; 


| 
сн,— & dace 


CH; 


In case, if a halogen (functional group) is attached to a 
benzene ring which in turn, is attached to an alkane or 
alkene then the position of that halogen will be written 
in bracket as | 
1-chloro-1-(4-iodophenyl) -3,3-dimethylbut-1-ene. 


ISOMERISM 


Haloalkanes exhibit the following two types of isomerism: 


Chain Isomerism 


If a haloalkane has four or more carbon atoms, it can 
exhibit chain isomerism by making a branched or straight 
chain compound. e.g. Butyl bromide has two possible 
chain isomers as follows: 

CH; —CH; —CH, —CH, —Br, 


1-bromoburane 
CH, 


| 
CH, — CH CEUBE 
l-bromo-2-methylpropane 


Positional Isomerism 


A haloalkane having atleast three carbon atoms show 
position isomerism by having halogen atoms at different 
carbon number, in a chain, in different isomers. 


e.g. Propyl bromide exhibits two position isomers as 
follows: Br 


| 
CH4CH;CH,Br М CH; —CH—CH, 
1-bromopropane 2-bromopropane 


NATURE OF C— X BOND 


Electronegativity of halogen atom is 
carbon atom due to which the share 
C— X bond lies closer to the halogen 


teater than that of 
pair of electron in 
atom, 
As a result, the halogen atom bears a partial negative 
charge whereas, the carbon atom bears a partial positive 
charge. чү? 
+ 
Nn 
F 


—C—X 
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As we go down in a group of the periodic table, the size 
of halogen atom increases, fluorine atom is the smallest 
and iodine atom is the largest. Consequently, the 
carbon-halogen bond length also increases from C—F to 
C—L 

Further, as we move from F to I, the electronegativity of 
the halogen decreases, therefore the polarity of the C— X 
bond decreases accordingly. | 


Carbon-halogen (СХ) bond lengths, bond 
enthalpies and dipole moments 


C—X Bond 


Bond between R 

oo ар Ите / а Аину 
ОНЕ авд Е габа a 1.847 
CH4— CI 178 351 1.860 
CH3 — Br 193 293 1.830 
СНз —1 214 234 1.636 


In haloarenes, sp? hybridised carbon of benzene is 
bonded to halogen and C— X bond is also polar as in 
haloalkanes due to higher electronegativity of halogen. 
Apart from this, lone pair of electrons of halogen atom 
are involved in resonance with benzene ring. So, this 


C— X bond acquires partial double bond character. 


The C— X bond of haloarenes is less polar than C— X 
bond of haloalkanes. This is supported by the fact that 
dipole moment of chlorobenzene (u = 1.69 D) is little 
lower than that of CH4CI (р = 1.83 D). The C— X 
bond of a haloarene is usually shorter than haloalkane. 


The reason for this occurrence is that haloarenes are more 
electron rich, due to the presence of double bonds, than 
haloalkanes and the benzene ring as a whole due to 
resonance is strongly attracted towards electronegative 
halogen atoms. 


| TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


1. The position of Br in the compound 
CH;CH = CHC(Br)(CH; ); can be classified as ...... А 
NCERT Exemplar 
(b) aryl 
(d) secondary 


'*. (a) allyl 
(c) vinyl 
2. Ethylidene chloride is a/an ....... . NCERT Exemplar 
(a) vic-dihalide | | 
(b) gem-dihalide 
(c) allylic halide 
(d) vinylic halide 


— 
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3. Alkenes decolourise bromine water in Presen 

of CCl, due to formation of Ce 
CBSE SQP (т, 

(b) vinyl bromide 


(d) vicinal dibromide 


етт 
(a) allyl bromide 


(c) bromoform 


4. Which is the correct IUPAC name for 
CH,— à —CH;—Br? NCERT Exemp), 


СН; 


(а) 1-bromo-2-ethylpropane 
(b) 1-bromo-2-ethyl-2-methylethane 
(c) 1-bromo-2-methylbutane 
(d) 2-methyl-1-bromobutane 


5. What should be the correct IUPAC name for 
diethylbromomethane? NCERT Exemplar 
(a) 1-bromo-1, 1-diethylmethane 
(b) 3-bromopentane 
(c) 1-bromo-1-ethylpropane 
(d) 1-bromopentane 

6. Which of the following isomer has the highest 
melting point? CBSE SQP 2021 
(a) 1, 2-dichlorobenzene 
(b) 1, 3 -dichlorobenzene 
(c) 1, 4-dichlorobenzene 
(d) All isomers have same melting points : 


7. Possible number of isomers of C ЗНС, compound are 
(a) 2 (b) 4 (9 6 (d) 8 
Carbon-halogen bond is polarised because 


(a) halogen atom is less electronegative 


(b) halogen atom is more electronegative than carbon 
atom 


(c) carbon bears negative charge while halogen bears 
positive charge 
(d) None of the above 


VERY SHORT ANSWER Type Questions 
9. Write the IUPAC name of 


90 


CH, 
CH3CH —CH — C — CH, . 
| ү, Delhi 2013 
10. Write the IUPAC name of the following 


compound. 
СН» = Сн, — CH=CH, 
Cl Delhi 2017 


\ 


| alkanes and Haloarenes 
EA Н А: 


write the structure of 
9 4-dinitrochlorobenzene. 
; X 


X 
р. out of Om ; Which is an 


example of allylic halide? 


= 


Delhi 2017 


All India 2017 


write the structure of 
3-bromo-2-methylprop-1-ene. 


— 
чә 


Delhi 2017 
Give the IUPAC name of the following 
compound. 


> 


CH= f —CHPBr Or 


CH; H H Br 
All India 2010; Foreign; Delhi 2012 
5, Write the IUPAC name of (CH3);CH-CH(CI)CH,. 


— 


Delhi 2014 
16. Write the IUPAC name of the following 
compound. 
СІ 
CH; 
СІ All India 2013 


17. Write the structure of the compound 
4-tert-butyl-3-iodoheptane. 
NCERT Intext; NCERT; All India 2010 C 


SHORT ANSWER Туре I Questions 
18, Write the IUPAC name of the following 


compounds. 

F 1 

(i) eee uq com 
CH; сн; 
СНз 

(ii) CH, -C— CH—CH, 

‚ 2013 

CH, Cl All India 


19, Give the IUPAC names of the following 
Compounds. 
(i) CHjCH(Cl)CH(Br)CH3 
(ii) CHE,CBrCIF 
(iii) CICH,C =CCH,Br 


(v) CH;C(p-CIC;H,),CH(Br)CHs NCERT 


All 


20. write the IUPAC name of the compound shown 
alongside and mention the hybridísation of each 
carbon-halogen bond. 


СІ 


Вг 


21. Draw the structure of the following 
compounds. 


(i) 2,2-dimethyl-1-bromobutane 
(ii) 2,2,4,4-tetramethylhexane 
22. Write the structures of the following organic 
halogen compounds. 
(i) 1-bromo-4-sec-butyl-2-methylbenzene 
(ii) 1, 4-dibromobut-2-ene 
NCERT Intext; All India 2011C, 2010 C; Delhi 2011 C 


23. Write the structures of different dihalogen 
derivatives of propane. NCERT Intext 


24. Write the isomers of the compound having 
formula, C4HgBr. NCERT 


SHORT ANSWER Type II Questions 


25. Name the following halides according to IUPAC 
system and classify them as alkyl, allyl, benzyl 
(primary, secondary, tertiary), vinyl or aryl halides. 

(i) (CH3)2CHCH(CI)CH; 
(ii) CH3CH,CH(CH3)CH(C,Hs )Cl 
(iii) CHsCH,C(CH3)CHoI 
(iv) (CHg)3CCH,CH (Br) CH; 
(v) CH;CH(CH3)CH(Br) CH; 
(vi) CH3C(C;Hs )»CH Br NCERT 

26. Write the structures of the following organic 

halogen compounds. 
(i) p-bromochlorobenzene 
(ii) 2-(2-chlorophenyl)-1-iodooctane 


(iii) 2-bromobutane NCERT 


27. Name the following halides according to the IUPAC 
system and classify them as alkyl, allyl, benzyl 
(primary, secondary, tertiary), vinyl or aryl halides. 

(i) CH3C(CI)(CHs ) CH)CH; 

(ii) CHICH = C(CI) CH;CH(CH;), 
(iii) CHyCH = CHC(Br)(CH;), 
(iv) p> CIC;H4CH;CH(CH,), 

(v) т ~ CICH)CgHyCH C(CHs )s 


(vi) o -Br — CgHyCH(CHs)CH,CH, NCERT 


| HINTS AND EXPLANATIONS | 


е тен =н those compounds in which the 

en atom is bonded to зру 

next to carbon-carbon double bu s = 
eg., | 

CH;— CH—CH.X and CH3CH = CHC (Br) (СН,),. 
(b) In gem-dihalides, two halo 
the same carbon 
halides. 


Беп atoms are present on 
atom. They are known as alkylidene 


cl 
CH,CH 
cl 


Common name Ethylidene chloride 
TUPAC name 1, 1-dichloroethane 


(d) Bromine in CCl, is a test for unsaturation in 
hydrocarbons. Alkene and alkynes contain double and 
triple bond respectively and thus decolorises the red 
coloured bromine solution vicinal dibromide takes part 


in saturation process. 

CH;—CH, + Вг, —»À BrCH; — CH;Br 
Hence, option (d) is correct. 
(c) The correct IUPAC name of the given compound is 


CH, Br 


1-bromo-2-methylbutane 


(b) Structure of the diethylbromomethane is given below 
Br 


| 
Hag HC Hog CH, 
So, the IUPAC name is 3-bromopentane. 


(c) The melting point is based on the strength of the 
lattice strucure of a compound. Para-isomer has a higher 
melting point in comparison to ortho-isomer and 
meta-isomer of the same compound. It is because 
para-isomer are symmetric and have compact crystal 
lattice in comparison to ortho-isomer and meta-isomer. 


(b) Possible isomers of C ,H,Cl, compound are 
(i) CH, CHCH, (ii) CH; CICH;CH;CI 
| | 1,3-dichloropropane 


cl Cl 
1, 2-dichloropropane 


(iii) CHCI;CH;CH; 

1,1-dichloropropane 
(b) Since, halogen atom is more electronegative than 
carbon atom, carbon-halogen bond (C—X ) gets 
polarised. 


(iv) CH4CCI;CH; 


2, 2-dichloropropane 


9. 4-bromo-4-methylpent-2-ene А 
5 4 3 2 
10. Rh TP CH,— CH=CH, 
С1 
4-chloropent-1-ene 


11. The structure of 2,4-dinitrochlorobenzene is 
Cl 


12. In allylic halides, the halogen is bonded to the 
sp?-hybridised carbon atom next to a carbon-carbon 


double bond. Thus, 


3-halocyclohex-1-ene 
is an allylic halide. 


13. The structure of 3-bromo-2-methylprop-1-ene is 
BrCH,— C = CH, 


1 2 3 
14. CH,— om CH,Br 


Cl 


15. 


IUPAC Name : 2-chloro-3-methylbutane 


16. IUPAC name of the given compound is 
CH, 
1,4-dichloro-2-methylbenzene Cl 
17. CH, — CH, — cH — CH — CH,cÉ cH, 
носон, 


CH; 
18. (i) 3-chloro-5-fluoro-3,5-dimethylheptane 
(ii) 2-chloro-3,3-dimethylbutane (halogen is preferred 
over alkyl group while naming). 


alkanes and Haloarenes 


Halo 


y. To write the IUPAC name, draw the structures, find the 
longest carbon chain, give the numbers and name them. 


4 3 2 1 
(i) с ie иш. 
Cl Br 


IUPAC Name : 2-bromo-3-chlorobutane 
F Gd 


(i) pti 
F 


F 
IUPAC Name : 1-bromo-1-chloro-1,2,2-trifluoroethane 


4 3 2 1 


TUPAC Name : 1-bromo-4-chlorobut-2-yne 
le \ 


Вг 


. 4 3 2l 1 
(iv) H3C— C—— CH — CH, 


СІ 
IUPAC Name : 2-bromo-3,3-bis - (4-chlorophenyl)butane 


20. IUPAC Name : 3-bromo-1-chlorocyclohex-1-ene 
Hybridisation | C—Cl (sp?), C— Br (sp?) 
CH; 


CH; 
CH; CH, 


(ii) ITE S | 


CH; CH; 


22. (i) 1 CH; 


H4C-CH-CH;-CH; 


1-bromo-4-sec-butyl-2-methylbenzene 
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1 2 3 4 
(ii) us —CH=CH— сн, 
Вг Вг 
1,4 - dibromobut -2-ene 
23, The structures of different dihalogen derivatives of 
propane are : 


1 2 `3 
(ї) Br— CH,— CH;— CH;—Br 
1,3 - dibromopropane 
(1) 


1 2 3 
(ii) ae gee 


Br 
1, 2-dibromopropane 
Br 
3 2 1 3 2l 1 
(ш) Т лчу УЕ 9) (iv) CH,— C— СН, 
Br Br 


1, 1 - dibromopropane 2, 2-dibromopropane 
(IV) 
24. It has four isomers (two positional isomers and two 
chain isomers). 
4 3 2 1 
(i) CH9— CH; — CH;— СН,Вг 


1- bromobutane 
3 2 1 


4 
(ii) а 


Вг 
2 -bromobutane 


CH, 


А К) 2 1 
1- bromo -2-methylpropane 


H; 
(iv) CH; 1—8 
H; 
2-bromo-2-methylpropane 
ы atej 
25. (i) Fu Tenes 
CH, Cl 


2-chloro -3-methylbutane 
(Secondary alkyl halide) 


1 
CH,CH, 
6 5 43 
CH; Cl 


3-chloro-4-methylhexane 
(Secondary alkyl halide) 


214 


сн, 


4 3 2 1 , 


Hy 
1-iodo -2,2-dimethylbutane 
(Primary alkyl halide) 
2 1 


4 3 
(iv) CH, T va га 


CH; Br 
1-bromo -3,3- dimethyl -1-phenylbutane 
(Secondary benzyl halide) 
4 3 2 1 
(v) CH, — a — D — CH, 


CH, Br 


2 - bromo -3 -methylbutane (Secondary alkyl halide) 


2l 1 
(vi) СНз — C—CH;—Br : 
сн; — CH; 


1-bromo-2-ethyl-2-methylbutane 
(Primary alkyl halide) 


Br 


26. (i) 


cl 
p-bromochlorobenzene 


(ii) 1 2 3 4 5 ЖЕ? 7 8 
ICH, CH CH, CH; CH, CH; CH, CH, 
1 

2 ^Cl 


2-(2-chlorophenyl)-1-iodooctane 
1 2 3 4 
(iii) CH4— De CH,— CH; 


Br 
2-bromobutane 


| Allzz;one | CHEMISTRY Class 1 
th 


4 5 
CH;— CH, 
3 2 1 
Cl 
3-chloro-3-methylpentane 
(Tertiary alkyl halide) 
1 2 3 4 5 6 
(ii) Сн, — CH= = CH, — CH — CH, 
Cl CH, 
3-chloro - 5 - methylhex-2-ene 
(Vinyl halide) 
"CH, 


1 2 3 4 5 
(iii) CH, — CH na CH, 


Br 
4- bromo -4-methylpent-2-ene 
(Allyl halide) 


So eras 


CH; 
1-chloro-4-(2-methylpropyl) benzene 
(Aryl halide) 


CH, 
CH;-C-CH, H4C-CH-CH;- CH; 


| 2 
3 
CH 1-Br 
„И ү в? 
5 1 4 6 
5 


ы CH,Cl 
1-chloromethy]-3 1-bromo-2-(1-methylpropy!) 
(2, 2-dimethylpropyl) benzene (Aryl halide), 
benzene (Benzyl halide) 


Methods of Preparation of 
galoalkanes and Haloarenes 


PREPARATION OF 
HALOALKANES 


Haloalkanes can be prepared from wide range of organic 
compounds through various methods, Some important 
methods of preparation are discussed below: 


Preparation from Alcohols · · 


This is the most convenient method for the preparation 
of haloalkanes in the laboratory. In this method, the 
hydroxyl group of an alcohol is replaced by halogen on 
reaction with concentrated halogen acids, phosphorus 
halides or thionyl chloride. Different reagents can be used 
to get haloalkanes from alcohols as described below: 


(a) By the Action of Halogen Acids 
Haloalkanes are prepared by the treatment of alcohols 
with halogen acids as follows: 


ROH + HX — RX 
Alcohol Halogen acid Haloalkane 


+ HO 

Water 

The rate of reaction depends on the nature of alcohol as 
wel as the halogen acid. 

(i) The reaction of primary (1°) and secondary (2°) 
alcohols with halogen acids require the presence of a 
catalyst, ZnCl, which acts as a Lewis acid and helps 
in the cleavage of C—O bond. Chloroalkanes are 
Prepared by the action of hydrochloric acid to the 
Primary and secondary alcohols in the presence of 
anhydrous zinc chloride (Groove's process). 

Anhydrous ZnCl 


CH,CH,OH + HCl(g) — — —9 
Ethyl alcohol (1°) i 
CH;CH,Cl + H,O 


CH 3 Ethyl chloride 
Anhydrous ZnCl 
CH;—C—OH+ HOl(g) ———— 
| CH, 


н | 
*0-propy] alcohol (2°) CH; cid H,O 


eee 
iso-propyl chloride 


Tertiary alcohols are very reactive and therefore, 
their reactions are conducted by simply shaking 
with concentrated HCI at room temperature even 
in the absence of zinc chloride. 
CH, 
| Room temperature 
CH;—C—OH + НО (сопс) ——— — 
CH; dm 
tert-butyl alcohol 3 
CH,—C— Cl + H,O 


CH3 
; tert-butyl chloride 
(2-chloro-2-methylpropane) 
(ii) Bromoalkanes are prepared by heating an alcohol 
with constant boiling of HBr (48%) in the 
presence of conc. H,SO.4, which acts as a catalyst. 


Со НО», CH,CH,Br 
Гү сопа 
+Н,О 
HBr can also be generated in situ by the action of 
conc. H,SO, on KBr or NaBr. 


CH,CH,OH + KBr + Н,50; —> 
Ethyl alcohol 


CH;CH,OH+HBr 
Ethyl alcohol 


CH;CH,Br + KHSO; + H,O 
Ethyl bromide 


(iii) Iodoalkanes are prepared by heating an alcohol 
with constant boiling HI (57%). 


CH,CH,OH+HI “5 CH,CH,I+H,O 
Ethyl alcohol lodocthane р 


HI can also be generated in situ by the action of 
95% phosphoric acid on KI. 


CHCH,OH+ KI+ HPO, —*> CH,CH,I 
Ethyl alcohol iocus lodoethane 
ach 


+ KH PO; + HO 


This reaction gives good yields of alkyl iodides, 
Note 
(i) Secondary and tertiary bromides and iodides cannot be 
prepared from their respective alcohols in tha presence of 
conc. H5SO, as they undergo dehydration to form alkenes. 
(ii) The order of reactivity of alcohols with a given haloacid is 
ee oT 
(ili) The order of reactivity of halogen acids with alcohols is 
HI > HBr > HCI. 
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(b) By the Action of Phosphorus Halides 


(i) Chloroalkanes are obtained by the action of PCI. or PCI 
on alcohols. pe? І 


R—OH +рСі, —5j3"8 — C +POCI, +НСІ 
CH3CH,OH «PCI; — 


Ethyl alcohol CH3CH2Cl + РОС «HCl 
Chloroethane Phosphoryl 
chloride 
3CH3;CH,OH +PCl; — 3CH3CH;CI + HPO, 


Ethyl alcohol Chloroethane Phosphorous 


Ж aci 
(ii) Bromoalkanes and iodoalkanes are prepared by hoa 
reaction of PBr, and PI}, respectively with the alcohols. 
РВгз and PI, are usually generated in situ by the reaction 
of red phosphorus with bromine and iodine, 
respectively, ` 


Red P/X; 


R—OH R— X (where, X =Br, I) 


Red P/Br, 


(c) By the Action of Thionyl Chloride 


Chloroalkanes are prepared by refluxing the alcohols with 
SOCI; in the presence of pyridine. 


CH3;CH,OH + SOCI, —P"** , CH,CH,Cl+ so, + HCIt 
Ethyl alcoho! — Thionyl Chloroethane 
oride 
This method is usually preferred since both the products of 
this reaction (SO, and НСІ) аге escapable gases. Hence, the 
reaction gives pure alkyl halide. 
Note The above three methods are not applicable for the preparation 


of aryl halides because the C—O bond in phenol has a partial double 
bond character and is difficult to break being stronger than a single bond. 


Preparation from Hydrocarbons 


Alkyl halides can be prepared from alkanes through 
substitution and from alkenes through addition of halogen 
acids or through allylic substitution. 


(a) By Free Radical Halogenation 


Alkanes react with halogens (СІ and Br) in the presence of 
UV light to form haloalkanes. The reaction proceeds _ 

through free radical mechanism and gives a complex mixture 
of isomeric mono and polyhaloalkanes which are difficult to 


separate as pure compounds. 
Cl, /UV light 
е.р. CH4CH;CH;CH; or Heat 


CH; CH,CH,CH,Cl HHP HCH 
| С! 
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The relative amounts of these isomeric haloalkanes 
depend upon the nature of the halogen and the 
number and type of hydrogen atoms (1°, 2° and 3°) 
which are being substituted. For the ease of 
substitution, various hydrogens follows the sequence а 


3°>2°>1° 


(b) From Alkenes 


(i) Addition of Hydrogen Halides 


By the reaction with hydrogen halide, an alkene is 
converted to the corresponding alkyl halide. 


pone] 
ев. с=с HX > —C—C— 
Alkene | | 
Н Х 
Haloalkane 
The decreasing order of reactivity of the halogen acids 


1S 
НІ >HBr>HCl > HF 


In case of addition to symmetrical alkenes, only one 
addition product is formed. 


But in case of addition to unsymmetrical alkenes, 
Markovnikov's rule is followed, e.g. propene yields 
two products but only one predominates according to 
Markovnikov's rule. 


CH4CH—CH, +HI —> CH3CH,CH,I 
Propene 1-iodopropane 


(Minor) 
+CH; E H—CH, 


I 
2-iodopropane 
(Major) 


However, in the presence of a peroxide, the addition 
of HBr to an unsymmetrical alkene, proceeds in 
contrary to the Markovnikov’s rule. This effect is 
known as Kharasch effect or peroxide effect. 


CH3CH= Сн,+НВг 2°, ct Cu CH, Br 


Propene 1-bromopropane 


It is informally called as anti-Markovnikov's addition. 


(ii) Addition of Halogens 


In the laboratory, addition of bromine (Br,) to an 
alkene in CCl, results in discharge of reddish-brown 
colour of bromine constitutes an important method 
for the detection of double bond in a molecule. The 
addition results in the synthesis of vic-dibromides 
which are colourless. 


Haloalkanes and Haloarenes 


On adding Br; or Cl; to alkenes, the addition occurs at the 
double bond forming vic-dihalides. 
Hy 


H 
SC=CQ +В, S BrCH,CH,Br 
eg Н H 


[кепе vic-dibromide 


Preparation by Halogen Exchange 
Alkyl iodides are often prepared by the reaction of alkyl 


chlorides/bromides with Nal in dry acetone. This reaction 
is known as Finkelstein reaction. 


R—X + Nd —9 R—I+ NaX [X =Cl, Br] 
Aceton 
eg СН;СН,Вг+ Nal ——> СН,СНу1+ NaBr 


NaBr or NaCl, thus formed gets precipitated in dry 

acetone which facilitates the forward reaction according to 

Le-Chatelier’s principle. Fluoroalkanes are best prepared by 

treating alkyl chloride/bromide in the presence of a metallic 

fluoride such as AgF, Нр›Р,, CoF, or SbF;. This reaction 

is known as Swarts reaction. 
Methyl bromide — Silver fluoride 


—> CHF + AgBr 
Fluoromethane 


Preparation from Silver Salts of Acids 
Generally, bromoalkanes are prepared by refluxing the 
silver salts of acids with bromine in ССІ,. This reaction is 
known as Borodine-Hunsdiecker reaction. The reaction 
can be depicted as: 


= са 
CH;COO Ag +Br, 4 CH;Br СО, 1+ AgBr 
Methyl 
bromide 


PREPARATION OF HALOARENES 
Haloarenes can be prepared by the following methods: 


By Electrophilic Substitution of 


Aromatic Hydrocarbons 

Aryl chlorides and bromides can be easily prepared by 

electrophilic substitution of arenes with chlorine and 

bromine, respectively in dark, at ordinary temperature in 
€ presence of a Lewis acid catalysts such as iron or ferric 

halides or aluminium halides (FeCl3, FeBr;, AICI}). Lewis 

acid is used to generate the electrophile, i.e. Cl” and 

Br* which reacts with ary! halide. 


A СН; CH; 


"СО 
Fe 
or р Dark) x: x 


ene 
o-halotoluene p-halotolu 
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Ct ior obenzene 


Cl ` СІ Cl 
Cl 
+ СІ, as + 
(Excess) 
Cl 


odichlorobenzene p-dichlorobenzene 
(minor) (major) 
CH; CH; CH, 
СІ 
Fe; 
== i 
Cl 
o-chlorotoluene ^ p-chlorotoluene 


• o- and p -isomers can be easily separated due to large 

г difference in their melting points. 

+ Reaction with iodine is reversible and require the 
presence of an oxidising agent (HNO;, HIO) to 
oxidise the HI formed during iodination. 

* The reaction with fluorine is violent and 
uncontrollable, hence fluoroarene cannot be 
prepared by direct fluorination of aromatic 


hydrocarbon. 


From Diazonium Salts 
(Sandmever's Reaction) 

The diazonium salt is prepared by treatine aniline 
dissolved in cold aqueous mineral acid with an aqueous 
solution of sodium nitrite at low temperature (0-5°С). 
Bromo and chloroarenes can be prepared by treating a 
freshly prepared diazonium salt solution with cuprous 


bromide or cuprous chloride. + 2 
os H 2 os 2 Х 
Benzene diazonium 


halide 


№, Х C X E 
чу х, 
Cy Nw С +N,T 


Aryl halide 
(X= Cl, Br) 


NaNO, + HX 
273-278 К 
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Replacement of the diazonium group by iodine is done 
mad by shaking the diazonium salt with potassium 
10 е. ПЕ] у) 


+ = : {зә}: 
NX I 
CT K, Cy + Not 


The Sandmeyer’s reaction has been modified by using 
copper powder in place of cuprous halide. This reaction is 


called Gattermann reaction. 
N3CI- СІ 


Си, НСІ 


на у NT 


Chlorobenzene 


If the diazonium group is replaced using fluoroboric acid, 
the reaction is called Balz-Schiemann reaction. 
МУС! N3BE, F 


Fluoroboric 


acid Fluorobenzene 


| TOPIC PRACTICE 2 | 


OBJECTIVE Type Questions 


1. Which of the following alcohols will yield the 
corresponding alkyl chloride on reaction with 
concentrated НСІ at room temperature? 

NCERT Exemplar 


< + ВЕ,+ NT 


(b) i re OH 
CH, 

(с) CH,CH, — fs CH,OH 
CH; 
CH, 
CH, 


2. The order of reactivity of following alcohols with 
halogen acids is ......... " NCERT Exemplar 


(A) CH,;CH,—CH,—OH 
(B) CH4CH,— он —OH 
CH, 


АПтт one Chemistry Саз; " 


CH, 
(C) CHCH;— С —OH 
CH, 
(a) (A) > (B) > (C) (b) (C) > (B) > (A) 


(c) (B) > (A) > (C) (d) (A) > (C) > (B) 


3. What is ‘4’ in the following reaction? 


NCERT Exemplar 
CH;—CH =CH, 


+ HCl ———~ A 


CH,—CH —CH, | СН; СН, СН, с 
"O 0 
(a) (b) 
| ci 
сн,—Сн—Сн» CH—CH;—CH, 


|, 
(c) (d) 


Alkyl halides are prepared from alcohols by 
treating with 
(a) НСІ + ZnCl, (b) Red P+ Bry 
(с) H,SO, + KI (d) Both (a) and (b) 
Select the by-product formed in the 
reaction, 

|. ВОН+РСЬ —> RCI« A 


Here A is 

(a) POCI, + НСІ 

(b) H3PO + No other by-product 
(с) H3PO, + НСІ 

(d) POCI} +No other by-product 


Which reagent will you use for the following 


reaction? NCERT Exemplar 
CH3CH,CH,CH, — CH3CH;CH;CH;CI 
+ CH,CH;CHCICH; 


(a) Cl; / UVlight 
(c) СІ, gas in dark 
(d) Cl; gas in the presence of iron in dark 


(b) NaCl + H,SO, 


Which of the following is halogen exchange 
reaction? NCERT Exemplar 
(a) RX + Nal— RI+NaX 

(b) SC = cz «nux — Усс 


H x 


Haloalkanes and Haloarenes 


10. 


ZnCl 
() R—OH * HX — 72 R—X +11, 


CH; CH; CH, 
«СУ * Xu + je 
X X 


Which reagents are required for one step 
conversion of chlorobenzene to toluene? 


CBSE SQP (Term I) 
(a) CHjCl/ AICI, | 


(b) CH3Cl, Na, Dry ether 
(c) CH3Cl/ Fe dark 
(d) NaNO;/HCl/0-»*C 


Toluene reacts with a halogen in the presence of 


iron (III) chloride giving ortho and para halo 
compounds. The reaction is NCERT Exemplar 
(а) electrophilic elimination reaction 
(b) electrophilic substitution reaction 
(c) free radical addition reaction 

(d) nucleophilic substitution reaction 


Identify the compound Yin the following 
reaction. NCERT Exemplar 


+ - 
NH; № 
Na NO;-HCI с, 
С 213-278 K Ү+М, 


(а) 


cl 
Q fA 
CNN 
Cl л; 
(QU uq 
Cl CI 


VERY SHORT ANSWER Туре Questions 


If. 


12, 


B. 


Identify the products A and B formed in the 

following reaction. 

CH3— СН, — СН = CH— CH + HCI— A+B 
NCERT Exemplar 

Write the structures and names of the 


Compounds formed, when compound A with 
molecular formula C7Hg, is treated with Cl; in ; 
the presence of FeCl3. NCERT Exemplar 


Name the alkene which will yield | 
1-chloro-1-methylcyclohexane by its reaction 
With НСІ. Write the reactions involved. 


14. 
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Give one example of alkene where addition of 
HBr gives same product in the presence or 
absence of peroxide. 


SHORT ANSWER Type I Questions 


15. 


16. 


17. 


18. 


19. 


SHORT ANSWER Type ll Que 


20. Among the followin 


Draw the structures of major monohalo 
products in each of the following reactions. 


PCI 
(i) ( Yomon —— > 
(ii) TE: — CH=CH; + HBr —— 


Delhi 2014 
How will you carry out the following 
conversions? 
(i) 2-bromopropane to 1-bromopropane 
(ii) Benzene to p-chloronitrobenzene 
AllIndia 2017 
Write the structure of the major organic 
products in each of the following reactions. 


(i), CH3CH)CH,Cl+ Nal 


Acetone > 


Heat 
i) CH;CH;CH;OH + SOCI, Pyridine, 
(iii) CH CH;CH — CH, + HBr-Peroxide, 
(iv) CHCH = Cs )+HBr—> NCERT 
CH, 


Why aryl halides cannot be prepared by the 


reaction of phenol with HCl in the presence of 
ZnCl,? NCERT Exemplar 
A hydrocarbon, CsHip does not react with 
chlorine in dark but Bives a single monochloro 


compound, CsH9Cl in bright sunlight. Identify 
the hydrocarbon. NCERT 


stions 
8 alcohols, which will yield 


the corresponding alkyl chloride on reaction 
with concentrated HCl at roo 


m temperature? 
CH3— CHo— CH—CHOH 
CH. 
n 
сен t — OH, 
CH, 


CH, — СН — ER d 


СНз 
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21. Draw the structures of major monohalo 
products in each of the following reactions. 
OH n 


(i) СУ +5001) ——> 


CH3CH3 
(ii) Brz, Heat or 
UV light 


(у) CHCH; Br + Nal ——> 


, Heat 
(vi) +BY —————> 
UV-light 


NCERT Intext 
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LONG ANSWER Type Questions 


22. Write a chemical reaction to depict the 
preparation of haloalkane or haloarene from 
each of the following. 


(i) Ethyl alcohol 
(ii) Toluene 
(iii) Aniline 
(iv) Propene 
23, Among the isomeric alkanes of molecular 


formula C5Hj;, identify the one that on 
photochemical chlorination yields 


(i) a single monochloride. 
(ii) three isomeric monochlorides. 


(iii) four isomeric monochlorides. NCERT Intext 


| HINTS AND EXPLANATIONS 


1. (d) When alcohols are treated with conc. HCl at room 
temperature then alkyl chloride is formed. This reaction 
follows S y1 mechanism. The reactions are as follows 

CH, 


CH, 
CH, 
j 5. 
CH,—CH,— f +°OH 
CH, 
CH, 
| 
Step П CH, — CH;— is +cl—> 
CH, 
CH, 


: зене = Cl 


CH, 


2. (b) Reaction between alcohols and halogen acid follows 
Sy1 mechanism. In Sy1 mechanism, carbocations are 
formed as intermediates. 

Let us consider the formation of carbocations with the 
given three alcohols. 


+ 
CH,—CH,—CH, —OH->CH, —CH; —C H ;*0H^ 
1? carbocation 
(Least stable) 


+ 
CH,— icm «OH 
CH; 
2? carbocation (more stable than 1? carbocation) 
CH; CH, 


eS oe H,C—CH,— F + ОН 


сн, сн» 
3° carbocation (most stable) | 
The tertiary carbocation is most stable so the possibilities 
of attack of X^ ion are more prominent in case of tertiary 


yal palkanes and Haloarenes ~ 


a 
e 


carbocations. Thus, attack of X^ ion to carbocation is 
proceeded with tertiary carbocation as follows 
| Н; CH, 


ve = 
Hc—CH— © n H4C—CH,— C—X 


CH, | CH, 


3°carbocation 


So, the correct option is (b). 


‚ (dln this reaction, addition of HCI takes place on doubly 


bonded carbons in accordance with Markownikoff's rule 
i.e, addition of negative addendum will take place on 
that carbon which has lesser number of hydrogen. 
Thus, 22 

(CH, — CH —CH, CH, — CH CH, 


; СІ 
+ HCl — j 


' Hence, option (c) is correct. 


. (d ROH+ HCl ——2». RCI+ H,O 


кон +В ŻE, R—Br 


. (à КОН +РСІ; —> R—CI + POCI; + НСІ 


(а) The given reaction is а substitution reaction. It 
involves the replacement of 1° and 2° hydrogen of 
alkanes by chlorine. It occurs in presence of ultraviolet 
light or at high temperature. The chlorination does not 
occur at room temperature in absence of light. The 
reaction involved are as follows : 


UV e 
Step 1 CI— Cl—> 2Cl 
light 


Cl CH,— CH,— CH,— CH; — 
CH,CH,CH,— CH, + HCl 
Step 2 CH,— CH,— CH,— CH, +Cl, — 
CH,—CH,— CH;— CH,Cl+C1 


Step 3 CH, — CH,— CH,— CH; + Cl — 
: CH4CH;CH;CH;CI 
So, option (a) is the correct. 


(а) Halogen exchange reactions are those reactions in 


Which one halide replaces another. In option (a) halogen 


(~X)is replaced by iodine, This reaction is named as 


Inkelstein reaction. 
option (b), there is the addition of hydrogen halide on 
ene. In option (c), halogen replaces alcoholic group. 
ile in option (d) halogen replaces the hydrogen of 
*nzene ring. 
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8. (b) CH,Cl, Na, Dry ether 


11 


СІ CH; 


+ 2Na + СН,СІ-Ёће, + ZNaCl 


Chlorobenzene Toluene 
The above reaction is known as Wurtz fittig reaction. 


. (b) Toluene reacts with a halogen in the presence of iron 


(III) chloride giving ortho and para halo compounds. The 
reaction is electrophilic substitution reaction. 
It has the following mechanism 


сі ci 


CH; CH; CH; 
и н 
+Cl* — Cl or 
e e 
CH; CH; 

H т cl 

CL. [Fech] — + HCl + FeCl, 
ДО] 


In this mechanism, electrophile СГ attacks to electron 
rich benzene ring and replaces hydrogen. So, the 
reaction is electrophilic substitution reaction. 


FeCl, + CT 


. (a) When a primary aromatic amine, dissolved or 


suspended in cold aqueous mineral acid and treated with 
sodium nitrite, a diazonium salt is formed. When this 
freshly prepared diazonium salt is mixed with cuprous 
chloride, then diazonium group is replaced by — СІ. 
Then chlorobenzene is formed which is Y in this reaction. 


ox 
NH? N,Cl cl 
Na NO»«HCI сс 
273-278 K +N, 
(Ү) 


Hence, option (a) is correct. 


In the given reaction, addition occurs and following two 
products (A and B) are possible. 


H,C— CH, — CH= CH— CH, +НС\—› 


Cl 
2-chloropentane (A) 


+ CH;— CH, Ке CH,— CH, 


Cl 
3-chloropentane (B) 
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2-00 


Toluene ог o-chlorotoluene 
Methylbenzene (A) 
(C;Hg) кыйы а, 
13. 1-methylcyclohexene. 
HH 
H CH; CH, { CH, 
Cl B-elimination + 
H H | 
. H l-methyl methylene | 
H H cyclohexene cyclohexane 
1-chloro-1-methyl 
cyclohexane 
14. Symmetrical alkenes (CH, = СН, ) gives only опе 
addition product, | | 
Se= cé + 
= HBr— —C—C— 
7 % | ag 
H Br 
15. (i) { )—снон—®, ( У-сна 
+ РОС]; + НСІ 


(ii) C 2-em — CH=CH, + Беа 
(2-08 - TR CH, 


16. (i) 2-bromopropane to 1- -bromopropane 
Alc.KOH 
CH,—CH—CH, ——»CH,—CH=CH, 


Br 
HBr, peroxide 


(ii) Benzene to ee 


Cl 
Conc.HNO, + 
Q + Ch ta? Das „Ош Gone. H,50,° H,SO, О 
NO, 


Ac 
17. (i) CH;CH,—CH,—Cl +Nal =s CH,CH;CH,I 


1-chloropropane 
* NaCl 
Pyridine 
(ii) CH4CH2CH;OH +SOCl, ——» CH4CH;CH;CI 
Propan-1-ol 1-chloropropane 
+S0,T + НСТ 
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Р id 
(ш) CH;CH,;— СН = CH3 + НВг 9955 
But-1-ene 
CH4CH35CH;CH,Br 
1-bromobutane 
CH3 


Markovnik 
(iv) CH9CH = C— CH3+ HBr— 53 
| CH3 
CH3—CH,— fn 


Br 
2-bromo -2-methyl butane 


18. Due to resonance in phenol, C—O bond of phenol һа; 


some partial double bond character, which strengthen, 
thé bond. So, it is difficult to break this C—O bond of 
phenol while the C—O bond of alcohol is purely sing gle 
bond and comparatively weaker bond. So, alkyl halides 
can be prepared by the reaction of alcohols with HCl in 
the presence of ZnCl, while aryl halides cannot be 


prepared by the reaction of phenol with НСІ in the 
presence of ZnCl). 


Єсн;он —Н©! › 


ZnCl, No reaction 
Phenol 


СНОН HS RCH,Cl_+H,0 
Alcohol "77 Alkyl chloride 


19.) Enlist the possibilities of structures for molecular formula, 


СУН which react in dark and in sunlight. In the given 
reaction, 


(i) Molecular formula CsHiọ can be either alkene or 
cycloalkane. | 

(ii) Since, the hydrocarbon does not react with chlorine 
in dark, hence, it is not an alkene but is a cycloalkane. 


(iil) Since, it forms only single monochloro derivative іп | 


bright sunlight, all the H-atoms should be identical. So, | 
it is cyclopentane. 


Na 


x No nu 
A: 
(СУН) + HCl 


Sedi 


— 


Chlorocyclopentane 
(C;H,CI) 
20. 3? alcohols are ver 


idees y reactive and hence, their reactions 


conc. НС] takes place even at room temperature: 


OH | Cl 
21. (i) CY + SOCI, —› + so,t+HCl! 


уно alkanes and Haloarenes 


CH,CH; 
a Heat or 
(i) THE UV light’ 
O;N 4-nitroethyl Br 


benzene 


| 
CHCH; 
О | 


1-bromo-1 -(4-nitropheny]) ethane 
Bromination does not take place on benzene ring. 


CH,OH 


4 
. Pot + HC] 4-2. Heat 
(ii) HO 2 4 CH,Cl 
4-hydroxymethy] 


2 
4-chloromethyl 
phenol 


Note Phenolic —OH group is not replaced by —Cl group. 
СН; 


CH3 Markovnikov's У 
(у) S gpa Ch 


1-methyl 1-iodo-1-methyl 
cyclohexene cyclohexane 


According to Markovnikov’s rule, iodine will add to 
the carbon atom having less number of hydrogen 
atoms. 
(у) CH,CH,Br + Nal —9 CH,CH,I + NaBr 

Bromoethane Iodoethane 
Iodide ion is a strong nucleophile, so it displaces 
bromide ion. 

Br 

3 


2 
(vi Heat or + НВг 
) Q t Br; UW light ? 1 


Cyclohexene 3-bromocyclohexene 
Under the conditions specified above, allylic 
halogenation takes place. Addition reaction can take 
place only at room temperature. 
2 (i) Refer to text on page 216 
(ti) Refer to text on page 217. 
(iii) Refer to text on page 217 and 218 
A iv) Refer to text on page 216 
3. (i) A single monochloride (IV) can be prod 


the hydrogen atoms are equivalen | 
must be symmetrical. Its structure is given by (I). 


uced only when 
t. This isomer 
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H, CH, 
Btls ei; = LE wa + HCl 
CH, CH, 


(1) (IV) 
1-chloro -2, 2-dimethylpropane 


(ii) Isomer (II) has three groups of equivalent hydrogen 
atoms. Therefore, three isomeric monochlorides (V, 


VI and УП) are produced. 
5 4 3 2 1 
Pentane 
(II) 
5 4 3 2 1 
I-chloropentane 


(V) 
5 4 3 2 1 


Cl 
2-chloropentane 
(V) 
5 4 3 2 1 
+CH,—C кб i CH,—CH, 


Cl 
3-chloropentane 
(УП) 


(iii) Isomer (Ш) has four groups of equivalent hydrogen 
atoms. Therefore, it can produce four isomeric 
monochlorides (VIII, IX, X and XI). 

1 2 3 4 M 
CH4—CH— CH,—CH, + Cl, — 


CH; 
2-methylbutane 


(ш) 
1 
4 1 d 4 
CI—H; ct CH,—CH, + СН, — ү CH,—CH, 
CH; | CH; 
bagage ршн 2-chloro -2-methyl butane (IX) 
(VIL 

4 3 2 1 4 3 2 1 

+ ылай Paw эй сары 
CH, Cl сн; 


2-chloro -3-methylbutane 1-chloro -3-methylbutane 
(X) (XI) 
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Properties of Haloalkanes and Haloarenes 


PHYSICAL PROPERTIES OF 
HALOALKANES AND 
HALOARENES 


Some of the important physical properties of haloalkanes 
and haloarenes are as follows: 

(i) Physical state Alkyl halides are colourless when they 
are pure. However, bromides and iodides develop 
colour when exposed to light. Methyl chloride, 
methyl bromide, ethyl chloride and some 
chlorofluoromethanes are gases at room temperature. 
Higher members are liquids or solids. Many volatile 
halogen compounds have sweet smell. 

(ti) Melting and boiling points Molecules of organic 
halogen compounds are generally polar. Due to greater 
polarity and higher molecular mass as compared to the 
parent hydrocarbon, the intermolecular forces of 
attraction (dipole-dipole and van der Waals’) between 
molecules are stronger in the halogen derivatives. 
That’s why, the boiling points of chlorides, bromides 
and iodides are higher than those of the hydrocarbons 
of comparable molecular mass. 

As the molecular mass increases, the melting and 
boiling points increases. The attractions get stronger 
as the molecules get bigger in size and have more 
electrons. 

The pattern of variation of boiling points of different 
halides is depicted in table given below: 


bp (К) 
400 O Chlorides 
© Bromides 
300 О lodides 


200 


100 


CH4X | CH3CH;X CH3CH2CH2X 
Comparison of boiling points of some alkyl halides 


* For the same alkyl group, the boiling point of alkyl 
halides decreases in the order R1» A Br» RCI> RF, 


because with increase in size and mass of halogen 


(iii) Density Fluoro and chloroalkanes are lighter than 


' atom, the magnitude of van der Waals’ forces 


increases. 


As the size of alkyl group decreases, boiling points 
decrease for the same halogen atom. 
CH4CH;CH,; X > CHCH; X > СН; Х 

(where, X = F, С], Brand ) 
For isomeric alkyl halides, boiling point decreases - 
the branching increases. This is because with increase 
in branching, the surface area of alkyl halide decrease 
and hence, the magnitude of the van der Waals’ 
forces of attraction decreases. 


СН»СН›СН,СН,Вг > 
(Ьр=375К) CH, 


CH;CH, — CH—CH, > CH, x 


Br Br 
(bp 2364 K) (bp= 346 K) 
Generally, the boiling points of chloro, bromo and 
iodo compounds increases as the number of halogen 
atom increases. 
e.g. CH;3Cl < CH,Cl, <CHCl, < CCl, 
249 К 313K 334K 350K 


Boiling points of isomeric dihalobenzenes are nearly 
the same. 


Cl e Cl 
Cl В 
СІ 
тр/К 256 249 с 
Ьр/К 453 446 448 


However, the p-isomers have high melting point as 
compared to their o-and m-isomers. This is due to 
the symmetry of p-isomers that fits in the crystal 
lattice better as compared to o- and m-isomers. 


water while bromo, iodo and polychloro derivatives 
are heavier than water. With the increase in the 
number of C-atoms, halogen atoms and atomic mass 
of halogen atom, density increases. 


oalkanes and Најоагепеѕ 


* 


Solubility For haloalkane to dissolve in water, 
energy is required to overcome the attractions 
between the haloalkane molecules and break the 
hydrogen bonds between water molecules, Less 
energy is released when new attraction, are set up 
berween haloalkane and the water molecules as 
these are not strong as the origina] hydrogen bonds 
in water. А$ a result, the solubility of haloalkanes in 
water is low. 


They are soluble in organic solvents because the 
new intermolecular attractions between haloalkanes 
and solvent molecules are of same strength as the 
ones being broken that exists separately between 
the alkyl halide molecules and solvent molecules. 


(v) Stability The stability also decreases as the strength 
of C— X bond decreases (RF > RBr> RCI» RI) 


(№) 


(vi) Dipole moment As the electronegativity of the 
halogen decreases from CI to I, dipole moment also 
decreases whereas fluorides have lower dipole 
moment than chlorides because of very small size of 
F which outweighs the effect of greater 
electronegativity. 


CH, Cl>CH3F » CHjBr» CHI 


CHEMICAL REACTIONS OF 
HALOALKANES 


Due to the presence of a polar C—X bond, 
haloalkanes are highly reactive compounds. The 
reactions may be divided into following categories: 


Nucleophilic Substitution Reactions 


En a nucleophile (i.e, electron rich species) stronger 
àn the halide ion, reacts with haloalkane having a 
Pattial positive charge on the carbon atom bonded to 
Ben, a substitution reaction takes place and the 
S gen atom called leaving group departs as halide ion. 
е substitution reaction is initiated ki ы 
tacio, ile, hence it is called nucleophilic substitu 
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Poul 

Сау & 
oe uN __ N 14 a 
Nu >C u >C Nu+X 
Nucleophilic substitution of alkyl halides (R—X) 
R—X+ Nu —» R— Nu+X~ 


Reagent Nucleophile (Nu- es N Mind iun | 
NaOHKOH) ^ HO-  . ROH — Alcohol  — —— 
HO но ROH Alcohol 
~ NaOR' ВО” —- = ROR’ Eher 
— Nal ое R—I Alkyliodide 
МН; NH3 R NH; Primary amine 
| R'NH,- К R'NH5 | |. RNHR' sec-amine 
R'R'NH R'R'NH . RNR'R*  tert-amine 
KCN. б=н: RCN Nitrile (cyanide) 
AgCN | Ag—CN: RNC (isocyanide) Isonitrile 
КМО, O—N—O0* R—O—N=O Аку nitrite 
AgNO; Ag—0—N=0 R— NO,  Nitroalkane 
R'COOAg R'COO- R'COOR Ester 
LiAIH, н - RH Hydrocarbon 
САТЫ R^ RR' Alkane 


ыны =з a ше _ _ 
Groups like cyanides and nitrites possess two nucleophilic 


‚ centres and are called ambident nucleophiles. Cyanide 


group іѕ а hybrid of two contributing structures and 
therefore, can act as nucleophile in two different ways 


[ :C&N:o:C—NI. 


When it links through carbon atom, it results in formation 
of alkyl cyanides, while that through nitrogen atom, it 
results in formation of isocyanides. 


Similarly, in nitrite ion. There are two different points of 


linkage (“O—N=0). The linkage through oxygen results 


in alkyl nitrites while that through nitrogen atom, results 
in nitroalkanes. 


Note Among alkyl halides, iodide ion is the best leaving group and 
hence, iodoalkanes undergo nucleophilic substitution reactions at the 
fastest rate in comparison to fluoroalkane, as fluoride ion is the poorest 
leaving group, Better the leaving group, more facile is the nucleophilic 
substitution reaction. 
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Nucleophilic substitution reactions of alkyl halides (R— X) are as follow: 


Reactions Nucleophiles 
ta KOH ROH+KX; (HO) 
Alcohol 
ROR'+NaX (R'O) 
ег 

КОН > (H20) 

Alcohol 

R—CN+KX; C—CzN) 
cyanide 

R—X R—NC+AgX; (Ag —C=N:) 
Alkyl Alkyl isocyanide И 
as R—O—N-—O-«KX; .(O=N—O) 
Alkyl nitrite . 
— NO, + АРХ; (Ag — О — №0) 

dort gx Ав 
О 

R'—C—O—R+AgX; '(R'COO) 
Ester 

R—H; (H) 

Alkane 
o Pip 
HCE 5 R Cm CH Mili (C2 CH) 
Higher alkyne 
R—R'* Mx; (R) 
Alkane 
EXAMPLE |1| Haloalkanes react with KCN to formalkyl Mechanism 


cyanides while AgCN forms isocyanides as the chief product. 


Why? 
Sol. 


K*CN' is predominantly ionic and provides cyanide 
ions in solution. Although, both carbon and nitrogen 
atoms are in position to donate electron pairs, the attack 
takes place mainly through carbon atom and not through 
nitrogen atom since, C— C bond is more stable than 
C— N bond. However, Ag — CN is mainly covalent in 
nature and only electron pair of nitrogen is available for. 
bond formation . As a result, alkyl isocyanides are the 
chief products. 


EXAMPLE |2| Haloalkanes react with KNO; to form 


alkyl nitrites while AgNO, forms nitroalkanes as the chief 
product. why? 


Sol. 


КМО, (or O —N ОК *) is predominantly ionic and 
one of the oxygen atom have a negative charge. 
Nucleophilic attack through this negatively charged 
oxygen atom on the alkyl halides mainly gives alkyl 
nitrites. In contrast, AgNO, is a covalent compound and 
both oxygen and nitrogen atoms carry lone pair of 
electrons. Since, nitrogen is less electronegative than 
oxygen, therefore, lone pair of electrons of nitrogen is 
more easily available for bond formation. As a result, 
nitroalkanes are the chief products. 


The nucleophilic substitution reactions proceed by the 
following two different mechanisms: 


I. Bimolecular Nucleophilic Substitution (5, 2) 


When two molecules take part in determining the rate 
of the reaction, it is called bimolecular nucleophilic 
substitution (Sy 2). 


Here, the rate depends upon the concentration of both 
the reactants. 


e.g. The reaction between СН, СІ and hydroxide ion to 


yield methanol and chloride ion follow a second order 
kinetics. 


H H 
2 ô- 
on S —————J3 Bo! ----- Cl 
H 


H 


Nucleophile ? 
| Reactant ux state 
+С 
CNRC: HO VH 
H 
Product 


jalo alkanes and Haloarenes 
a 


T be represented diagrammatically as shown below: 
1 


о@— 0.6 9. 


@ ^, 
/ Ó 
0 
РД ô 


Grey dot represents the incoming hydroxide ion and black dot 
represents the outgoing halide ion 
52 mechanism, the incoming nucleophile 
approaches the alkyl halide (CH; X) molecule and starts 
interacting with it due to which the carbon-halide ( 
СХ) bond starts breaking and a new 
arbon-nucleophile (C—OH) bond starts forming. These 
ско processes take place simultaneously in a single step 
and no intermediate is formed. 


Such reaction occurs through the formation of a 
transition state. In transition state, the C-atom is 
simultaneously bonded to incoming nucleophile and also 
to the outgoing leaving group, i.e. carbon is bonded to 
five atoms. Thus, this state is unstable and results in th 
formation of the product. 


H 
Nu" + "E == NAE —9Nu Xs X: 


Transition state 


In Sy2 reactions, the attack of nucleophile (i.e. Nu 7) 

occurs from the backside and the leaving group leaves from 
the front side. As this happens, the configuration of C-atom 
under attack invert in the same way as an umbrella is turned 
Inside out when caught in a strong wind, while the leaving 
group is pushed away, this process is called inversion of 
configuration or Walden inversion and is a characteristic 
feature of Sy2 reaction. 


Since, Sy2 requires the backside approach of nucleophile 
to the carbon bearing the leaving group, i.e. X-atom, the 
Presence of bulky alkyl groups blocks the approach of the 
nucleophile to carbon due to steric hindrance. That's 

Why the simple alkyl halides, methyl halides and primary 


ides always react predominantly by 
№2 Mechanism, 


у halides are least reactive because of the presence of 
^» 810ирѕ which hinders the approaching nucleophiles. 


on- í 
Polar solvents favour Sn 2 mechanism. 
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, 2 
Thus, the order of reactivity of alkyl halides towards Sy 


reactions is as follows: 


Methyl halide > Pinay halide 


Secondary halide > Tertiary halide 
; (2°) (3°) 
HH H 
V Nu: н< 
нс | 
Н“ H^ 
С H—C 
ЖЛ. /^ 
НН HH 
iso-propyl, 2° zert-buryl, 3° 


Steric effects in S42 reaction 


II. Unimolecular Nucleophilic 

Substitution (Sy 1) 
When only one molecule is involved in determining the 
rate of the reaction, it is called unimolecular nucleophilic 
substitution. Such type of reactions are generally carried 
out in polar protic solvents such as water, alcohol, acetic 
acid, etc., because they stabilise the carbocation by 
solvation. 
Mechanism 


Sy] reaction occurs via two steps: 


In step I, formation of carbocation takes place due to the 
heterolytic cleavage of >C—x bond. This step is slow 
and reversible (rate determining step). This Step involves 
only one reactant, i.e, alkyl halide, therefore, rate of 
reaction depends only on the concentration of alkyl halide 
and not on the concentration of nucleophile, — 


In step ЇЇ, nucleophile attack the carbocation formed in 
step I and the substitution reaction completes, 


e.g. The reaction between tert-butyl bromide and 
hydroxide ion yield tert-butyl alcohol. 


(CH) C—Br + OH” — (CH), COH + Bi- 
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^ |. Formation of carbocation intermediate 


CH; 


| 
Step 1 С" + 
H,Ó CH, 
^M — Attack of nucleophile on carbocation formed 
D 
Съ + OH; 245(CH;);COH 
Z/N 


(Fast) 
H;C CH, 


Br 


* Greater the stability of carbocation, greater will be its 
ease of formation from alkyl halide and faster will be 
the rate of reaction. That’s why, 3° alkyl halides 
undergo Sy! reaction very fast because of high stability 
of 3° carbocations. 


Therefore, the order of reactivity of alkyl halides toward 
Sy! reactions is as follows: 

Methyl halide « Primary halide « Secondary halide « 
Tertiary halide We can sum up the order of reactivity of 
alkyl halide towards Sy 1 and Sy 2 reactions as follows: 


Sy 1 reactivity increases 
Tertiary halide, Secondary halide, Primary halide, CH4.X 
OOo 


Sy 2 reactivity increases r 
Allylic and benzylic halides show high reactivity towards the 
Syl reaction because carbocation thus formed gets 
stabilised through resonance. 


Ф ©] 
H,C con AN н&-“с+- CH, 
H Hot 


e e 
«C V CH; CH, 
Se = M 
e 
CH, CH, CH, 
> riso e CY 
© А Ф 


e For a given alkyl group, the reactivity of the halide, 
R— X follows the same order in both the mechanisms, 
Sn] and Sy2. 


R—I> R—Br > R—Cl > R—F 
Stereochemical Aspects of Nucleophilic 
Substitution Reactions 
$мы2 reaction proceeds with the complete stereochemical 
inversion while Syl reaction proceeds with racemisation. To 
understand this concept, some basic stereochemical principles 
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and notations are ne 
follows: 

Plane Polarised Ligh 
A beam of ordinary light consists of electromagnerj, 
waves vibrating in all planes in space. When this li 
is passed through a nicol prism, it becomes plane 
polarised light, which vibrates only in one plane, 


Passed through 
RÀ 
nicol prism 


Ordinary light Plane polarised light 
Polarisation of ordinary light 


t and Optical Activity 


When the solutions of certain organic compounds аге 
placed in the path of plane polarised light, they rotate 
the path of the light either to left or right, such 
substances are called optically active substances. 


A substance which rotates the plane polarised light to the 
right is called dextrorotatory or d-form and is indicated 
by placing a positive (+) sign before the degree of rotation 


The substance which rotates the plane polarised light 
towards the left is called laevorotatory ог /-form and is 
indicated by placing a negative (—) sign before the 
degree of rotation. 


Such d-and /-forms of compound are called optical 
isomers and the phenomenon is called optical 
isomerism. The angle through which the plane 
polarised light is rotated can be measured by an 
instrument called polarimeter. 

Molecular Asymmetry, Chirality and 
Enantiomers 


The four valencies of carbon atom are directed towards the 
corners of regular tetrahedron and if all the atoms of 
groups attached to a carbon atom are different, such 
carbon atom is called asymmetric carbon atom ог 
stereocentre. The resulting molecule would lack 
symmetry and the molecule is called asymmetric 
molecule. The asymmetry of the molecule is responsible 
for the optical activity in such organic compounds. 
All molecules or objects have mirror images. An object 
or molecule which is not superimposable on its mirror 
image is called chiral and this property is called 
chirality, e.g. human hand. 

If we hold our left hand in front of a mirror, the im% 
looks like the right hand. If we try to ѕирегітроѕ 4 


and right hands, by putting the one on the other one 


ed to be learnt, which are aA | 
E: 


| 
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observe that the hands cannot be superimposed, hence 


ds are chiral. 


we 
the han 


Mirror Mirror 


OJO 


Non-chiral objects 

(non-superimposable (superimposable 
mirror image) mirror image) 

Some common examples of chiral and achiral objects 


Chiral objects 


The objects which are superimposable on their mirror 
images are called achiral as the glass and the sphere in the 
above figure. тати 
Let us take two simple molecules, propan-2-ol and - 
butan-2-ol and their mirror images. Propan-2-ol does 

not contain asymmetric carbon atom. Therefore, it is 


achiral. 


Mirror 


| СН After rotating В 
HC | 3| Ну Сац by 180 
“ол OH!HO—C “сон 
Rc | \ “CH; | HC" | 
4 | B C 


The structure C is superimposable on A. 

Butan-2-ol molecule contains asymmetric carbon atom 

and as expected is chiral. 

Ithas non-superimposable mirror images as show. 
ге: 


Mirror 


Ins 

C "ng 
H,CH;C^ \ 'H 
OH 


p 


Ке 
Hw" Í NCH,CH; 


OH 


m common examples of chiral molecules are 
y; бшп, (CH,CH(CICH; CH») 
V Чуйолу-ргорала (OHC—CHOH-—CH;OH) 
y. dloroiodometkane (B:CICHI), 
tomopropanoic acid (НЗС—СНВг—СООН) 


n in the 
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The optical isomers which are non-superimposable mirror 
images of each other are called enantiomers and the 
phenomenon is called enantiomerism. 

The enantiomers have identical physical and chemical 
properties but differs with respect to the rotation of plane 
polarised light. If one of the enantiomer is dextrorotatory 
then other will be laevorotatory. 


Racemic Mixtures and Racemisation 

A mixture containing two enantiomers in equal 
proportions will have zero optical rotation, as the rotation 
due to one isomer will be cancelled by the rotation due 
to the other isomer. Such a mixture is called racemic 
mixture. It is represented as d! or + forms and will be 
optically inactive. 

The process of converting d-or /-form of an optically 
active compound into racemic form (4/) is called 
racemisation. 


Retention 

When the relative spatial arrangement of bonds to an 
asymmetric centre in a chiral molecule remains the same 
before and after the reaction, the reaction is said to occur 
with retention of configuration, e.g. 


CH; CH; 
нҳ AA. OF Haka 

| | 

бн, + HOA = a 

CH; CH, 


(-) 2-methyl-1-butanol (+)1-chloro-2-methylbutane 


In the above example, no bond at the asymmetric carbon 
is broken, and the product will have the same general 
configuration of groups around the stereocentre as that of 
reactants, 

Therefore, the reaction proceeds with retention 

of configuration inspite of change of optical rotation 
from (-) to (+). 

Inversion 

If the relative spatial arrangement of bonds at an 


asymmetric carbon atom becomes opposite as compared 
to reactant after the reaction, then the reaction is called 


inversion. | 
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Examples of Inversion, Retention 
and Racemisation 


During the substitution of a group X by Y in the reactions 
given below, three possible products may be formed. 


C,H, (ан, C,H; 
` H Minnes C et. C pem H „ЖҮ, [0T 
/ ү ' e i H 
H;C CH; . CH; 
(8 |y и 
(A+B) 


If A is the only product, the process is called retention 
of configuration because A has same configuration as 
that of reactant. If B is the only product, the process is 
called inversion of configuration because B has the 
configuration opposite to that of reactant. If an 
equimolar mixture i.e. 50:50 mixture of A and B is 
formed, the process is called racemisation and the 
product is optically inactive. 

Now, stereochemical aspects of nucleophilic substitution 
reactions can easily be understood. 


Stereochemical Aspects of Sy 2 Reaction 


Іп 542 mechanism, the nucleophile attacks on the side - 


opposite to one where halogen atom is present. Therefore, 
5 м2 reaction is always accompanied by inversion of 
configuration, that is referred to as Walden inversion. 
e.g. When (-) 2-halobutane is allowed to react with 
potassium hydroxide, (4) butan-2-ol is formed with the 
—OH group occupying the position opposite to halogen 
had occupied. 


H i 
Cx + HO—C “ay +X 
we ‘CH 
HC \ ; 
H C;H; 


5 
VPE (+) Butan-2-ol 


Thus, Sy2 reaction of optically active alkyl halides is 
always accompanied by the inversion of configuration. 


Stereochemical Aspects of Sy 1 Reaction 

In Sy 1 reactions, if the alkyl halide is optically active, 
the product obtained is a racemic mixture. The | 
intermediate carbocation formed in slowest step being 


р? hybridised is planar (achiral) species . 


Therefore, the attack of the nucleophile OH can occur 


from both the faces with equal ease of forming a mixture 
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of two enantiomers. Thus, Sy1 reaction of optically icis 
alkyl halides are accompanied by racemisation. _ 

CH; CH; 

+ 
a C—X = „С + x 
Hw" К N 
H CH;CH,; 

Planar carbocation (Achiral) 


CH Rear CH; Front CH 
3 Е attack AC 

/ py x I à m SX. 

(inversion) KS (Retention) ?.C—0H 


"y, 


ЕРСИ H CHCH, H` { 
2 l 3 Planar carbocation 3CH3 
o pem y? (-) Butan-24 


Racemic mixture 


Elimination Reactions : 
Dehydrohalogenation (Formation of Alkenes) 
When a haloalkane with B-hydrogen atom is heated with 
alc. KOH solution, then alkene is formed. In this reaction, 
hydrogen is eliminated from B-carbon and the halogen is 
lost from a-carbon atom. As a result, an alkene is formed 
as a product. Due to the involvement of elimination of 
B-hydrogen atom, the process is often called as 


B-elimination. 
B: H 


s. 
Eu —э)с=с{ +B—H+X7 
xà [В = Base; X = Leaving group] 


eg. H—CH; —CH,Br + KOH (alc.) Не» 

СН, = CH, + КВг+ Н0 
If there is possibility for the formation of more than one 
alkene due to the availability of more than one p-hydrogen 
atoms, usually one alkene is formed as the major product. 
This occurs according to the Saytzeff rule, which can be 
summarised as “in dehydrohalogenation reactions, the 
preferred product is that alkene which has the greater numbe d 
of alkyl groups attached to the doubly bonded carbon atoms · 


e.g. 2-bromopentane gives pent-2-ene as the major product. 
H4C—CH; —CH =CH—CH, tu 
Pent-2-ene (81%) © 
(Major product) Br 


| ӧн 
HC — CH; —CH,—CH—CH; — ^ 


2-bromopentane 


H,C— CH;—CH, —CHe C 
Pent-1-ene (1996) 
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glimination versus Substitution 


When alkyl halide reacts with nucleophile, it may undergo 
сег substitution via Syl and 542 or elimination 
reaction. 

[ depends upon the following factors : | 

(i) The nature of alkyl halide Primary alkyl halide will 
prefer 5 м2 reaction, i.e. nucleophilic substitution 
reaction via SN2. mechanism. Secondary alkyl halide 
can undergo substitution or elimination depending 
upon the strength of the nucleophile. | 
Tertiary alkyl halide will undergo substitution or 
elimination depending upon the stability of 
carbocation or the more substituted alkene. _ 

(ii) The strength and size of the nucleophile or base A 
bulkier nucleophile will carry out the elimination 
more easily than substitution as it prefers to act as 
a base and abstracts a proton rather than 
approaching a tetravalent carbon atom (due to steric 
reasons) and vice-versa. Stronger nucleophiles like 
C;H;O will bring out the elimination whereas, 
nucleophiles like OH ^ will bring out the 
substitution. 


(ii) The conditions of the reaction such as temperature, 
pressure, etc. 


CH; Elimination 


Substitution 


Reaction with Metals 


Most organic chlorides, bromides and iodides react with 
Certain metals to give compounds containing 
carbon-metal bonds. Such compounds are known as 


Organometallic compounds... 
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(i) Action with Magnesium 
(Formation of Grignard Reagents) 


Victor Grignard in 1900 discovered an important class of 
organometallic compounds, i.e. alkyl magnesium halide, 
R—MgX which is commonly called Grignard reagents. 


The Grignard reagents are obtained by the reaction of 
haloalkanes with magnesium metal in presence of dry ether. 


CH;CH, Br +Mg—"""", CH, CH, MgBr 
Grignard reagent 
In the Grignard reagent, the carbon-magnesium bond is 
covalent but highly polar, with carbon pulling electrons 


from electropositive magnesium, the magnesium halogen 
bond is essentially ionic. 

o x ё 

R—Mg X 
These are highly reactive and react with any source of 
proton to give hydrocarbons. Even alcohols, amines, water 


аге sufficiently acidic to convert them to corresponding 
hydrocarbons. 


RMgX +Н,0 —> RH « Mg(OH)X 


Due to its high reactivity, it is necessary to avoid even 
traces of moisture from a Grignard reagent. 

On the other hand, this could be considered as one of 
the methods for converting halides to hydrocarbons. 


(ii) Action with Sodium (Wurtz Reaction) 

The reactions in which alkyl halides react with sodium in 
the presence of dry ether to form hydrocarbons 
containing double the number of carbon atoms present in 
the halide, are known as Wurtz reaction. 


2RX +2Na 29% эр L2NaX 


CHEMICAL REACTIONS 
OF HALOARENES 


Some important chemical reactions of haloarenes аге: 


Nucleophilic Substitution Reactions 


Nucleophilic substitution reactions in aryl halides occur 
only under drastic conditions. This is because haloarenes 
are chemically less reactive towards nucleophilic 


substitution reactions (than haloalkanes) due to the 
following reasons: 
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(i) Resonance effect In haloarenes like chlorobenzene, the 
lone pair of electrons on halogen atom are in conjugation 
with z-electrons of the ring and hence, these are delocalise 


on the benzene ring as shown below: / 
es ee e 
E ӨСІ He PE 
a = | 
<— 94 5 <— 
T C3 n»n 
І 0 


F: 


As a result of resonance, C— CI bond acquires a partial 
double bond character. Thus, the bond cleavage in 
haloarene is difficult than haloalkane (where carbon is 
attached to halogen by a pure single bond) and thus, 
they are less reactive towards nucleophilic substitution 
reaction. i : 

(ii) Difference in hybridisation of carbon atom in C — X 
bond In haloalkanes, the carbon atoms attached to 
halogen is зр? -hybridised while in haloarenes, it is зр? 


hybridised . 
[Ste a By н Siba 
P. -hybrid m. -hybrid carbon 
carbon R—C—X 


| 
H 


The sp? hybridised C-atom with greater s-character is 
more electronegative. It can hold the electron pair of 
the bond more tightly than the sp? hybridised C-atom 
with less s-character. As a result, the C— X bond in 


haloarenes (169 pm) is shorter than in haloalkanes (177 


pm). Since, it is difficult to break a shorter (C— X) 
bond than a longer and therefore, haloarenes are less 
reactive than haloalkanes towards nucleophilic 
substitution reaction. 


(iii) Unstability of phenyl cation In haloarenes, the phenyl 


cation formed as a result of self-ionisation will not be 


stabilised by resonance, hence 51 mechanism cannot 


occur. 
(iv) Repulsion between the electron rich attacking 
nucleophiles and electron rich arenes Because of 
electron rich arenes, electron rich nucleophile will not 
approach closely for the attack due to repulsion. 


Chlorobenzene 
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Replacement by Hydroxyl Group 
Chlorobenzene when' heated in ag. NaOH solution at i 
temperature of 623 К and a pressure of 300 atm, Phenol 


is formed. 


өр | ONa* OH 


Dil. HCI 
-NaCl 


623 K, 300 atm 
-HCI 


+ NaOH 


Sodium phenoxide Phenol 
The presence of electron withdrawing groups such as 
—NO,,—CN at o- and p-positions of haloarenes with 
respect to halogen, greatly activates the benzene ring 
towards nucleophilic substitution. 

Further, greater the number of such groups at o-and 
p-positions with respect to halogen, more reactive is the 
haloarene. 


СА OH 
(i) NaOH, 443 K 
— 
(ii) H? 
МО, NO, 


p-nitrophenol 


OH 


NO, 
2, 4-dinitrophenol 


:Cl: OH 
чн NO, Warm CN 2i 
H:O 
NO, NO 


2, 4, 6-trinitrophenol 
(Picric acid) 


1-chloro-4-nitrobenzene 


:С: 


NO, , 
(i) NaOH, 368 К 
————— 
ЕШ 
МО 


2 
2, 4-dinitrochlorobenzene 


2, 4, 6-trinitrochlorobenzene 


” ы й A no 
The — NO, group at m-position to the chlorine has 
effect on reactivity, 
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mechanism 


e presence of NO» groups at o- and p-positions withdraws electrons from benzene ring and facilitates the attack of 
nucleophile on haloarenes. The carbanion formed is stabilised through resonance as depicted below: 
(i) ХО, at para-position 
Cl 


& ^ |^9H а он а он аон] cd. oH ra 

"OH B Ly _сг 

Slow step > <—> К “л” 

= Fast step 

+ + + р + Е 
М М М *N "N N N 
/N ^N YN КА a, yes 
О ix О Co бъ Ў vod О |%07= 46 о © 
p-chloronitro benzene I П Ш , IV Resonance hybrid p-nitrophenol 
(ii) NO% at ortho-position | 
7 n УО CI ОН. ,9 gd OH 7077 че OH О 
d он Y *X EN n EN 
O Slow step (3 Gs v? э Же жы О 
o-chloronitro benzene m VI І 
OH o 

ы e + 

Cl OH, „0 ON, ed M 

DENN m UN qr No 
< 3 No Fast step 
Resonance hybrid o-nitrophenol 
УШ 


(iii) МО» at meta-position 


| pee eq Cl, OH Cl, OH d) он 
Сү b. к. , p» o7 +» ow o` = 
UN Slow step А af T, = 
М iN 


5 - 5 М 


m-chloronitrobenzene IX X XI 
Cl. (OH H | 
eer _ 
+ О Fast step $ JO 
ia N 
; О 
Resonance hybrid m-nitrophenol 


Note In showing NO, at meta position, there is no such structure in which the negative charge i$ present on Carbon atom 
bearing "e erie cue There : the pre sence of nitro group al meta Position does not stabilise the negative charge, Hence, no effect on 
reactivity is observed by the presence of —NOz group at meta position. 


Electrophilic Substitution Reactions | 


Haloarenes undergo the usual electrophilic reactions of the benzene ring such as halogenation, nitration, 


kile cel ker el sulphonation 
and Friedel-Crafts reactions. In these reactions, stronger electrophile replaces weaker е ectrophile. The ele 


ctrophilic 
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substitution reactions in haloarenes occur slowly and 
require more drastic conditions. This is due to the ortho 
and paradirecting influence of halogen atom attached to 
a benzene ring which can be understood by the following 
resonating structures of halobenzene. 


с: X X X X 
a. | 
C -CPO-O-O 
І п E Iv у 
Thus, due to resonance, the electron density increases 
more at o- and p-positions than at -positions. Hence, 
electrophilic reactions occur at о- and p-position. The 
halogen atom has the tendency to withdraw electrons due 
to which electron density on benzene ring decreases 
(—L-effect) and the ring gets deactivated. Hence, 
electrophilic substitution in haloarene occurs at a slower 
rate. 


The common electrophilic substitution reactions of 
haloarenes are depicted as below: 


(i) Halogenation 
This reaction takes place by reacting haloarenes with 
halogens in the presence of ferric salt. 


Chlorobenzene 1, 2- dichlorobenzene 
1 (minor) 
1, 4-dichlorobenzene 
(major) 


(ii) Nitration 
This reaction takes place by heating haloarenes with 
conc. HNO; in the presence of conc.H5 5O,. 


cl Cl Cl 
» on » 
Conc. HNO;+ 
—— > + 
Conc. H;SO, 


Chlorobenzene 1-chloro-2-nitrobenzene 
(minor) NO, 
1-chloro-4-nitrobenzene 
(major) 
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(iii) Sulphonation 


ion takes place by heating haloarenes with 


This react 
conc.H; SO,. 
С! СІ СІ 
С cy?" 
Conc. H;SO, 
—————— + 
А 
Chlorobenzene 2-chlorobenzene 
sulphonic acid SO.H 
(minor) 4- шере: 
sulphonic acid 
(major) 


(iv) Friedel-Crafts Reactions 

This reaction is carried out by treating haloarenes with 
alkyl chloride or acyl chloride in the presence of 
anhydrous AICI; acting as а catalyst. 

There are two main types of Friedel-Crafts reactions: 


(i) Alkylation 
Cl 
оно 
Chlorobenzene 
С1 Cl 
CH; 
+ 
1-chloro-2-methylbenzene 
(minor) CH; 
1-chloro-4-methylbenzene 
" (major) 
(ii) Acylation 
Cl 
O 


" H;C с ARE AlCl, ; 


Chlorobenzene 


cl О Cl 
cy . » 
o^ cH, 


2-chloroacetophenone 
(minor) 
Ti 4-chloroacetophenone 
(major) 
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Cl Cl о 


+ (CH,CO).0 aS CH; 


Chlorobenzene 2-chloroacetophenone 
(Minor) 
Cl 
+ + CH;COOH 
O=C—CH, 
4-chloroacetophenone 
(Major) . 
Reaction with Metals 


(i) Wurtz-Fittig reaction When aryl halide is heated 
with alkyl halide in the presence of sodium in dry 
ether, halogen atom is replaced by alkyl group and 
alkylarene is formed. This reaction is called 
Wurtz-Fittig reaction. 


Dry 
+2Na + R— Ху * 2NaX 
Alkyl halide 


Aryl halide Alkylarene 


г----------=-------- Dry ether 


:CI + 2Na + СЁ—-СН, 


Chlorobenzene 


— CH, + 2NaCl 
Toluene 


(ii) Fittig reaction When haloarenes react with sodium 
in the presence of dry ether, two aryl groups are 
joined together and diphenyl is formed. This reaction 
is called Fittig reaction. 


X 


CS ond 


Diphenyl 
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нома 


Diphenyl 


(iti) Reaction with magnesium Grignard reagent is 
formed. Like alkyl halides, aryl bromides and iodides 
also react with magnesium in dry ether to form 
Grignard reagent. 


Bromobenzene 


(iv) Reaction with lithium Bromo and iodoarenes react 
with lithium metal in the presence of dry ether to 
form their corresponding organometallic compounds. 


Br «Li 
Bromobenzene 
(v) Reaction with copper powder When iodobenzene is 


heated with copper powder in a sealed tube, 
diphenyl is formed. This reaction is called Ullmann 


reaction. 
TEN NER E Heat 
H+ 2Cu +14 =, 
Iodobenzene lodobenzene 
Diphenyl 
Reduction 
On reduction of haloarenes, hydrocarbons are formed. 
Cl 
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У ' БУЗА 
OBJECTIVE Type Questions pie 
a Arrange the following compounds in increasing 
order of their boiling points. . NCERT Exemplar 
CH; 
(i) ^ —CH—CHjBr 
CH; 


(ii) CH3CH;CH5CHBr 
CH; 


(iii) pee CH; 


Br 
(a) (ii) < (i) < (iii) (b) (i) < (ii) < (iii) 
(c) (ii) < (1) < (ii) (d) (iii) < (ii) < (1) 


2. Which is the correct increasing order of boiling 
points of the following compounds? 


1-iodobutane, 1-bromobutane, 1-chlorobutane, 
Butane 


(a) Butane < 1-chlorobutane < 1-bromobutane 
< 1-iodobutane 


(b) 1-iodobutane < 1-bromobutane < 1-chlorobutane 
< Butane 


(c) Butane < 1-iodobutane < 1-bromobutane 
< 1-chlorobutane 


(d) Butane < 1-chlorobutane < 1-iodobutane 
< 1-bromobutane | 
3. ‘Arrange the following compounds in the 
increasing order of their densities. NCERT Exemplar 


| cl а Вг 
"OON, e 
С] СІ 


(8) (i) < (il) < Gi) < (iv) — (b) (i) < (i) < (iv) < (i) 
(с) (iv) < (iii) < (ii) < (i) (а) (ii) < (iv) < (iii) < (i) 
4. Complete the following analogy: 
Same molecular formula but different structures: 
4:: Non-superimposable mirror images : B 
CBSE 2021 (Term I) 
(a) A : Isomers; B : Enantiomer 
(b) A: Enantiomers; B : Racemic mixture 
(c) A : Stereoisomers; B : Retention 
(d) A : Isomers; B : Stereoisomers 


5. Which of the following alkyl halides will undergo 
Syl reaction most readily? NCERT Exemplar 
(a) (CH3)3C — Е (b) (CH3),;C — Cl 
(с) (CH4),C— Br (d) (СНз) С I 


NCERT Exemplar. 


6. The reaction of toluene with Cl, in presence or 
FeCl3 gives ‘X while the reaction of toluene 
with Cl, in presence of light gives ‘Y’, Thus, ‘x 
and 'Y'are CBSE 2021 (Term) 
(a) X=benzyl chloride Y=o- and p-chlorotoluene 
(b) X= m-chlorotoluene Ү = p-chlorotoluene 


(с) Х=о- and p-chlorotoluene 
Y=trichloromethylbenzene 


(d) X=benzyl chloride, Y= m-chlorotoluene 
7. Identify A, B, Cand D CBSE SQP 2001 
KCN 


lc.KOH 


Aq.KOH 
Фә 
(а) А = CH4, В = ОНОН, C =C)HsNC, D -C;H;CN 
(b) A =C,HsOH, B = CH4, C =C)H<CN, D =C)H;CN 
(c) А = C2H4, В=С,Н;ОН, C -C;HsCN, D-C;HNC 
(d) A = С›Н;ОҢ B = C2H4, C =С›Н;МС D =С›Н;С\ 
8. Which of the following is most reactive 
towards nucleophilic substitution reaction? 


CBSE 2021 (Term I) 


Cl Cl 


NO, 
(a) (b) 


a ы Cl 
NO; ON N О» 
(с) (d) 
NO; NO; 


Directions (Q. 9 and 10) 


| | Arrange the given compounds in 
increasing order of rate of 


А reaction towards nucleophilic 
substitution. 
с Cl, = а 
-—-P NO, 
9. (i) (ii) (iii) 
iin: NO? 
Я NCERT Exempla! 
(a) (i) < (ii) < (iii) P 


(b) (ii) < < ^^ 
(c) (i) < (iii) < (ii) 
(d) (iii) < (i) < (i) 
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Cl С! Cl 
CH3 
10. (i) (ii) (iii) 
| СНз 


NCERT Exemplar 
(a) (i) < (ii) < (iii) (b) (i) < (iii) < (ii) 
(c) (iii) < (ii) < (i) (d) (ii) < (iii) < (i) 


VERY SHORT ANSWER Type Questions 


11. Out of ( Уна and ( oca j 


which will react faster in Sy1reaction with OH? 
All India 2020 
12. Out ofo- and p-dibromobenzene, which one has 
higher melting point and why? NCERT Exemplar 
ЇЗ. The following haloalkanes are hydrolysed in 


presence of aq. KOH. . CBSE SQP 2021 
(i) 1- chlorobutane 
(ii) 2-chloro-2-methylpropane 
Which of the above is most likely to give 
(a) an inverted product? 
(b) a racemic mixture? 
Justify your answer. 


14. How methyl bromide be preferentially converted 
to methyl isocyanide? Delhi 2013 C 


15. Write the structure of an isomer of compound 
C4HgBr, which is most reactive towards Syl 
reaction? All India 2016 


16. Out SICH HE CH,Cl and gus qui Cl, 


CH3 СНз 
which one is more reactive towards Syl reaction 
and why? 

17. Which would undergo Sy2 reaction faster in the 


following pair and why? 
СНз 


| 
CH3— CH; —Вг апа СНз Eon СНз 
Вг Delhi 2015 


18, With the help of resonating structures explain 


the effect of presence of nitro group at id km 
position in chlorobenzene. CDSE 


Delhi 2016 - 
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SHORT ANSWER Type I Questions 


19. Arrange each set of compounds in the order of 
increasíng boiling points. 
(1) Bromomethane, bromoform, 
chloromethane, dibromomethane 
(ii) 1-chloropropane, iso-propyl chloride, 
1-chlorobutane NCERT Intext 
20. Which of the following compounds will have 
the highest melting point and why? 


CH3 3 CH3 
Cl Cc cd с 
Cl Cl 
CH3 CH3 СН; 
(I) (II) (Ш) 
21. Write the mechanism of the following reaction: 
пВиВг + KCN ОННО, jg CN 
NCERT; Delhi 2011C 


22. (i) Which alkyl halide from the following pair is 
chiral and undergoes faster towards SN2 
reaction? 


(a) ANIN 
КА (b) d 
Br Delhi 2017 


(ii) Out of Syl and Sy2, which reaction occurs 
with 
(a) inversion of configuration? 
(b) racemisation? All India 2019, 2014 
23. Which compound in each of the following pairs 
will react faster in Su2 reaction with ОН and 
why? 
(i) СНзВг or CHgl 
(ii) (СНз) CCl or CH3C) NCERT; Delhi 2014 
24. Tert-butylbromide reacts with aq. NaOH by Sul 
mechanism while n-butylbromide reacts by Su? 
mechanism. Why? NCERT Exemplar 
25. Write the Structure of the major organic 
product in each of the following reactions: 


mak Ethano 
(i) (CHg)3CBr + KOH panel, 
(ii) CH3CH(Br)CH CH, + NaOH Water 
(ili) СНЗСН,Вг+ KCN EAD] 
(iv) CgHgONa + CoHgCI , 
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26. Elimination reactions (especially p-elimination) 
are as common as the nucleophilic substitution 
reaction in case of alkyl halides. Specify the 
reagents used in both cases. 


27. The treatment of alkyl chlorides with aqueous 
KOH, leads to the formation of alcohols but in 
the presence of alcoholic KOH, alkenes are 
major products. Explain. NCERT 


28. Carry out the following conversions in not 
more than 2 steps: CBSE SQP 2021 
(i) Aniline to chlorobenzene ; 
(ii) 2-bromopropane to 1-bromopropane 


SHORT ANSWER Type II Questions 
29. Explain 


(i) why the dipole moment of chlorobenzene is 
lower than that of cyclohexyl chloride? 
(ii) why alkyl halides, though polar, are 
immiscible with water? 
Or 
why is the solubility of haloalkanes in water 
very low? NCERT Exemplar 
(iii) why Grignard reagents should be prepared 
under anhydrous conditions? 
Delhi 2013 C; Foreign 2012 ; NCERT 
30. Following compounds are given to you: 
2-bromopentane, 2-bromo-2-methylbutane, 
]-bromopentane 
(i) Write the compound which is most reactive , 
towards Sy2 reaction. 
(ii) Write the compound which is optically active. 
" (iii) Write the compound which is most reactive 


towards f-elimination reaction. 
Delhi 2017; All India 2017 


31. (1) Account for the following 


(a) Electrophilic substitution reactions in' 


haloarenes occur slowly. 
(b) Haloalkanes, though polar, are 
insoluble in water. 


(ii) Arrange the following compounds in 
increasing order of reactivity towards 52 
displacement: 


2-bromo-2-methylbutane, 1-bromopentane, 
2-bromopentane All India 2017 C 


32. What happens when | 
(i) chlorobenzene is treated with Cl; /FeCl3? 


(ii) ethyl chloride is treated with AgNO2? 
(iii) 2-bromopentane is treated with alcoholic 
KOH? 
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mical equations in support of yoy, 
answer. | All India 20; 

33. Primary alkyl halide C4HgBr (A) reacts with 
alcoholic KOH to give compound В. Compound p 
is reacted with HBr to give C, which is an isomer 
of A. When Ais reacted with sodium metal, it 
gives compound D, CgHig which is different from 
the compound formed when n-butyl bromide is 
reacted with sodium. Give the structural formul, 
of A and write the equations for all the reactions 


NCERT 
34. Identify A, B, C, P, Q, R and R' in the following: 


Dry ether 
————9À 


Write the che 


[0] 
Dryether A H, B 


D20 
C CHsCHCH, 
D 


(ii) R—Br + Mg 


СНз СНз 
і cH; 
СНз СНз Mg ,p. H0 0 
NCERT Intext 


35. (i) Write the structural formula of A, B, C and Din 
the following sequence of reaction: 


(ui) “CHS ee 


Cl 
| HBr I 
сн; —CH—CH3 -AS Ao” B— C 
KOH Peroxide Огу ether 
J Ме 
—D 
Dry ether 


(ii) Illustrate Sandmeyer's reaction with the help 
of a suitable example. Delhi 2017 
36. Give reasons for the following. 
(i) Ethyl iodide undergoes Sy2 reaction faster 
than ethyl bromide. 
. (ii) (+) 2-butanol is optically inactive. 
(iii) C—X bond length in halobenzene is smaller 


than C—X bond length in СНз — X. 
All India 2013 


Or The C— Cl bond length in chlorobenzene is 
shorter than that in CH3CL Delhi 2013 


37. Give reasons: 
(i) n-butyl bromide has higher boiling poin 
t-butyl bromide. 
(ii) Racemic mixture is optically inactive. 
(iii) The presence of nitro group (—NOz) at o/P 
positions, increases the reactivity of 


haloarenes towards nucleophilic substitutioD : 
reactions. Delhi 20! 


t than 


gialoalkanes and Haloarenes 


38. (a) Identify the chiral molecule іп the following 


СЕ 


OH OH 


(i) (ii) CBSE 2018 
(b) Write the structure of the product when 
chlorobenzene is treated with methyl chloride 
in the presence of sodium metal and dry ether. 
(c) Write the structure of the alkene formed by 
dehydrohalogenation of l-bromo- : 
1-methylcyclohexane with alcoholic KOH. 


LONG ANSWER Type Questions 


39. How can the following conversions be carried 
out? : n 
(i) Ethyl chloride to propanoic acid 
(ii) Ethanol to propane nitrile 
(iii) 1-bromopropane to 2-bromopropane 
(iv) 2-chlorobutane to 3,4-dimethylhexane 
(v) 2-methyl-1-propene to 


2-chloro-2-methylpropane NCERT 
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40. What happens when 

(i) n-butyl chloride is treated with alcoholic KOH? 

(ii) bromobenzene ís treated with Mg in the 
presence of dry ether? 

(iii) chlorobenzene is subjected to hydrolysis? 

(iv) methyl bromide is treated with sodium in the 
presence of dry ether? 

(v) methyl chloride is treated with KCN? NCERT 

41. How сап the following conversions be carried 
out? All India 2017 
(i) 2-bromopropane to 1-bromopropane 
(ii) But-1-ene to n-butyl iodide 
(iii) 2-chloropropane to 1-propanol 
(iv) iso-propyl alcohol to iodoform 
(у) Chlorobenzene to p-nitrophenol NCERT 
42. (і) Taking example of (-)2-methyl-1-butanol 
reacting with НСІ, explain the process of 
inversion, retention and racemisation. 

(ii) Explain why both dextro and laevo forms of 
butan-2-ol are prepared in equal proportions, 
when Sy1 reaction of 2-chlorobutane is 
carried out in the presence of aqueous 
potassium hydroxide? 


HINTS AND EXPLANATIONS 


а 
е 


(c) Boiling point of a compound depends upon the 
surface area. Higher the surface area, higher will be the 
boiling point of a compound. 

Thus, the increasing order of their boiling points 


CH; 


H4C 
H,C С — CH, <,;25 ZCH— СН,Вг 
z | ; H3C d (Branching) 


j Br ЕТ 

(Maximum branching; lowest b.p.346K) <CH,CH,CH,CH,Br 
(Straight chain; higher b.p.) 375K 

(a) Higher the surface area, higher will be the | 
intermolecular forces of attraction and thus boiling 
point too. Boiling point increases with increase in 
molecular mass of halogen atom for the similar type of 
alkyl halide. Butane has no halogen atom and rest of all 
three compounds are halo derivatives of butane. ; 
Atomic mass of iodine is highest so the boiling point o 
1-iodobutane is maximum ane all iare 
compounds and hence, option (a) correct. 
(a) Density is directly related to molecular ш, Higher 
the molecular mass, higher will be the iid oft a 
compound. Among the four given compounds, 
of molecular mass is 


N 
. 


w 


benzene < chlorobenzene < dichlorobenzene 

< bromochlorobenzene 

Therefore, the increasing order of their densities are 
same as above. 

Hence, option (a) is correct. 

4. (b) Isomers are the compounds with same molecular 
formula but different structures. 
Refer to text on pg 229, 

5. (а) All the given compounds are tertiary alkyl halides but 
the bond formed between carbon and жуа l)is 
the weakest bond due to large difference in the size 
of carbon and iodine, So, (CH3),C— l gives S Nl reaction 
most readily, In other words, iodine is a better leaving 


group. 
6. (с) 
CI 
CIy/FeCl ( 
CH; э, 

(O+ З Chlorination O% 18 Сн; 

Toluene P-chlorotoluene (Ху 

major o-chlorotoluene (xX) 

| | minor 
(Oon + зр Sunlight, (Okia, +3HCI 

Toluene Trichloromethyl | 


benzene (Y) 
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7. (a) Reactions given in flow chart (D, C, B) are 


nucleophilic substitution reactions. When a nucleophile 
stronger than the halide ion reacts with haloalkane 
having a partial positive charge on the carbon atom 
bonded to halogen, then substitution reaction takes 
place. Reaction (A) leads to elimination reaction. 


Complete reactions are as follows: 
^ ©Н,СМ 
(D) 


KCN 


C,H, NC AgCN С,н;а Alc.KOH CH, 


(9 (А) 
| Ад. KOH ' 


C; H,OH 
(Б) 


8. (d) ў 


9. (с) The bond formed between С of benzene ring апа 
halogen is more stable because of resonance it has 
partial double bond character. So, rate of reaction 
towards nucleophilic substitution is slow. This 
substitution is facilitated by the presence of electron 
withdrawing group at ortho and para position because 
electron density is high at these positions. 
Compound (ii) and (iii) both have one electron withdrawing 
group but in compound (ii) electron withdrawing (— МО») 
group is present at ortho position, so rate of reaction in 
compound (ii) is more than that of compound (iii) while (i) 
has no electron withdrawing group. 
Hence, the correct option is (c). Ta 
10. (d) Presence of electron releasing group at ortho or para 
position decreases the rate of nucleophilic substitution 
reaction. In compound (iii), electron releasing group is 
‚ present at meta position w.r.t. chlorine, so the impact is less 
but in compound (ii) it is present at ortho position. 
Thus, the rate of reaction towards nucleophilic substitution 
is least in compound (ii) and highest in compound (i) as 
there is no electron releasing group in this compound. 


11. ОЕ: 


12. p-dibromobenzene has higher melting point than its 


o-isomer due to symmetry of p-isomer that fits in the 
crystal lattice better than the o-isomer. Hence, p-isomer 
has higher melting point than o-isomer (or m-isomer), 


13. (i) Inverted product will be given by 1 chlorobutane as it 


undergoes Sy2 reaction. 
H H 
\ кон 
Маі 427, uo—c, + cr 
н“ \ у н 
GH, „СЙ, 
1-chlorobutane 


(ii) Racemic mixture will be given by 
2-chloro - 2 - methylpropane as it undergoes Sy1 
reaction. 


14 


15 
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CH, CH, 
CH Qe 0 — wc + СГ 
S 
~l сн“ N 
CH, CH, 
2-chloro-2-methylpropane · Planar carbocation (Achiral) 
Kear Front 
Р N (5 ма СЬ 
sapal нб Uo KE бн, = 
\ “сн oN, Ow 
| CH; СН 
CH, d 3 3 CH, 
+ (50%) Planar carbocation (50%) 


It can be done by treating the methyl bromide with 
alcoholic silver cyanide. : 
^CH4Br- AgCN ——> CH3NC + AgBr. 
(Alc.) Methyl 
isocyanide 
Tertiary (3°) alkyl halides are most reactive towards $y] 
reactions followed by secondary (2°) and primary (1°) 
alkyl halides. C4H Br has four isomers: 


CH, 
CH3;— CH,— CH;— CH, Br CH4— CH—CH,Br 


«£ 1-bromobutane 1-bromo -2-methyl propane 


(1°alkyl halide) (1°alkyl halide) 
CH; 
= ы „а 
Вг Сн» 
2sbromobütang 2-bromo -2-methyl propane 
(2^alkyl halide) (3°а1Ку1 halide) 


А$ 3° alkyl halides form a more stable 3° carbocation 
intermediate than secondary and primary alkyl halides 
which form 2° and 1° carbocation, respectively. 

CH; 


Hence, the isomer, CH4— С— Br (2-bromo-2-methyl 


СН; 
propane) of compound СН, Br is most reactive towards 
51 reactions. 


16. CH;—CH,— CH — СІ will undergo Syl reaction 


CH4 
faster because it is a secondary alkyl halide and forms ? 
secondary carbocation that can stabilise itself more than 
primary carbocation. 

17. On steric hindrance grounds, 1° alkyl halides are more 
reactive than tert-alkyl halides in Sy 2 reactions. Thus, 
CH4— CH;— Br reacts at a faster rate than (снз)3СВ' 
in Sy 2 reaction, because if is a primary halide, i.e. less 
hindered. | 

18. Nitro group at ortho position in chlorobenzene — . 
withdraws the electron density from the benzene ring 
and thus facilitates the attack of nucleophile on 
haloarene. 


LP Ez Sie 


Haloalkanes and Haloarenes 


NO, at ortho-position 


cl o- 


o “OH 
Slow step | 
do PD а o o 
СУ m 
> Мас 
МО ess o- 
O7 0- 
с он Z Cl он К; 
хх > 
CL OH E OH g 
мо 79 
= т -Cr zo 
Ta Fast step 
Resonance hybrid o-nitrophenol 


CH4CI (chloromethane) < CH3Br (bromomethane) 
< CHBr, (dibromomethane) < CHBr 3(bromoform). 
(ii) For the same halogen, boiling point increases with an 
increase in the size of the alkyl group. Thus, the 
boiling point of 1-chlorobutane is higher than those of 
1-chloropropane and isopropyl chloride. Further, the 
boiling point decreases as the branching increases, 
Thus, the boiling point of chloropropane is higher 
than isopropyl chloride. 


Therefore, the arrangement of the given compounds 
in the order of increasing boiling points is as follows: 
(CH), CHCI (iso-propyl chloride or 
2-chloropropane) < CICH,CH,CH, 
(1-chloropropane) < GICH2CH,CH,CH, 
(1-chlorobutane). 
20, Compound (II) is most symmetrical because it has both 
the CH, groups and Cl atóms p —to each other, 
erefore, it fits in the crystal lattice better than the other 
two isomers and hence it has the higher melting point. 


(i) Write the resonating structures of KCN. 


(ii) Due to the presence of polar solvent, find the possibility 
that which product will be formed preferentially. 


21, 


KCN gives CN” ion as a nucleophile in aqueous medium. 


24. Tert- 
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Resonating forths of KCN are: ` 


| окрема є |С мк? 


Thus, cyanide ion is an ambident nucleophile. Therefore, 
it can attack the C-atom of C—Br bond in n-BuBr either 
through C -atom or through N-atom. Thus, two possible 
products are cyanides and isocyanides, respectively. 

But C—C bond is more stable than C—N bond, so 
attack occurs through C-atom and hence, cyanide is 
predominantly formed. 
a ё 8- 
КСМ + CH,— CH,;—CH,— CH;—Br— 
n-butyl bromide 


CH; —CH;—CH;— CH,C=N + Br 
n-butyl cyanide 


22 б) (a) yA is chiral. 
Br 


(b) ANZN ii undergoes faster towards Sy2 reaction 


as it is a primary halide. 
(ii) (a) Sy2 reaction occurs with inversion of 
configuration. 


(b) Syl reaction proceeds with racemisation. 


23. (i) CH4Br and СНз both are primary halogen 


compounds. The reactivity will depend upon the 
size of the halogen atom. Iodine is a better leaving 
group because of larger size, therefore, СН will 
react faster than CH,Br. 

(ii) Out of (CH3)3CCl and CHCl, the molecule being a 


primary halide, і.е. CHCl, will react faster with OH^ 


because in S2 reaction, 1* halide reacts faster than 
3° halide. 


butylbromide reacts with aq. NaOH as follows: 


CH, CH, 


| 
аши ^, uc. c* iae 


CH, CH, 
CH, CH, 
Regi + OHT —, Woon 


CH, CH, 
tert-butylbromide when treated with aqueous NaOH, it 
forms tert-carbocation which is more stable intermediate. 
This intermediate is further attacked by OH ion, 


As tert-carbocation is highly stable, so tert-butylbromide 
follows Sy1 mechanism. 

In case of n-butylbromide, primary carbocation 

is formed which is least stable, so it does not follow | 
Syl mechanism. Here, steric hindrance is very less, so it 


4-2 


follows Sy 2 mechanism. In Sy 2 mechanism, ОН” will 
attack from backside and a transition state is formed. 


n —сн;—СН, 


С OH 
Zl 
H ! Br 
H 
n-butyl bromide 
CH; — CH; — CH; 
ô- | ô- 
HO---C --- Br 
ZN 
H H 
Transi*i2a state 
CH, — CH; — CH; 
C + Br 
ZN 
Ho ^H 
H 
n-butyl alcohol 
H5 T 
Ethanol 
25. (i) H3C—C—Br + кон—==— сн, — С 
eati 
CH3 СН; 
2-bromo-2-methyl propane 2-methylpropene 
| 4 KBr.-* H;O 
2 Water 
(ii) Н,С— Tera uris + NaOH fols: 


Br 


2-bromobutane 


cH; нео + NaBr + НО 


OH 
2-butanol or butan-2-ol 
(iii) CHy—CH,—Br + KCN etanol, 
Bromoethane (nucleophilic 


substitution) 
Ethyl cyanide 


(iv) CgHsONa + CH,C] - ато" 
Sodium ^ Chloroethane ines 
phenoxide 
Cd, — 0O— CH; + NaCl 
Ethyl phenyl ether 


26. Elimination reactions are as common as the nucleophilic 
substitution reaction in case of alkyl halides as two 
reactions occur simultaneously. Generally, at lower 
temperature and by using weaker base, nucleophilic 
substitution reactions occur while at higher temperature 
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and by using a stronger base, elimination reactions 
(especially В -elimination) take place. 

e.g. If ethyl bromide is treated with aq. KOH at tie 
temperature, it gives ethanol while if it is treated y 
alcoholic KOH at high temperature then it gives ethene 


.KOH 
CH4CH jb СН, CH;OH 


Ethanol 
(Nucleophilic substitution reaction) 
. KOH 
CH3CH Br“ F9 CH= CH; 
473-523 К pices 


(Elimination reaction) 


Difference lies in the mode and extent of dissociation of | 
KOH in the presence of different solvents. OH is а | 
good nucleophile while С2Н507 is a strong base. | 


27. 


In the presence of water, KOH dissociates completely 
into OH" ions which, being a strong nucleophile, brings 
about substitution on alkyl halides and produce alcohols 
from alkyl halides. Further, in the aqueous solution, 
ОН” ions are highly solvated (hydrated). This solvation 
reduces the basic character of OH ions which 
therefore, fails to abstract a H-atom from the B-carbon of 
the alkyl chloride to form an alkene. In alcoholic 
medium, solution also contains C9H5O , ethoxide ions 


in addition to OH ^ ions. Being a stronger base than 


ОНТ, they abstract Н+ ion from B-C-atom, giving rise to 
Benzene 
ма, 
Cu;Cl 
Di Е (СТ І М | 


an alkene as a major product (dehydrohalogenation). 
diazonium 
Aryl chloride 


28. ©. NH, ма 
{ МаМО;+НС1 
—————ә 
273-278 К 
chloride 
СІ 


(ii) Br 
CH, CH—CH, ASEH, cH, —CH=CH, +НВг 


2-bromopropane Propene 


HBr/Peroxide 


CH, CH, CH,Br 
1-bromopropane 


— — — = НЕ | 
(i) Find the hybridisation of C-atoms in chlorobenzen® 
and cyclohexyl chloride and electronegativity 
find the bond polarity and thus, dipole moment 
(ii) Strong intermolecular H-bonding exist among water 
molecules. 
(iii) Consider the reactive nature of Grignard reagents 
with water. 


29. 


galoalkanes and Haloarenes 


Cl " C 
sp? hybridised carbon | sp? hybridised carbon 


Chlorobenzene Cyclohexyl chloride 


Due to sp? hybridisation of C-atom in 


chlorobenzene, C-atom is more electronegative 
(greater s-character) whereas in cyclohexy] chloride, 
C-atom is sp? hybridised, i.e. less electronegative 
(lesser s-character). So, polarity of C— СІ bond in 
chlorobenzene is less than the C— Cl bond in 
cyclohexyl chloride. Further, due to delocalisation of 
lone pair of electrons of Cl-atom over the benzene 
ring, C—C! bond in chlorobenzene acquires some 
double bond character while C— Cl bond in 
cyclohexyl chloride is a pure single bond. Thus, 
C— CI bond in chlorobenzene is shorter than in 
cyclohexyl chloride. As dipole moment is a product 
of charge and distance, therefore, the dipole moment 
of chlorobenzene is lower than that of cyclohexyl 
chloride. 

(i) Water molecules have enough strong intermolecular 
H-bonding which is difficult to be broken by alkyl 
halides, though they are polar in nature as well. 
Therefore, alkyl halides do not dissolve in water and 
form separate layers. 

(iii) Grignard reagents (R—Mg— X) are readily 
decomposed by water to produce alkanes. That is 
why, they should be prepared under anhydrous 
conditions. Instead, ether is used as a solvent during 
the preparation of Grignard reagent. 


X 
R—Mg— X +H,O —> R—H + Mg | 
Alkane OH 
30. (i) Sy 2 reactions involve the formation of transition state. 
‘Higher the steric hinderance, lesser the stability of 
transition state and lower is their reactivity towards Sy 2. 
CH4CH;CH;CH;CH?Br > СН» CH CH; CH; СНз 
1-bromopentane | 
a? Br 
2-bromopentane 


(2°) Br 


| 
ey СНз 


CH; 


2-bromo-2-methylbutane 
0? 


unds, 2-bromopentane 


(ii) Among the given Tg m presence of chiral 


is optically active due to 
carbon (*) - 


C3H7— T 2 


Br 
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Note A chiral carbon have four different groups or atoms 

attached separately to its four valencies. 

(ili) 2-bromo-2-methylbutane is most reactive towards 
f-elimination reaction because in this case, more 
substituted alkene is the major product. 

CH; i 
CH,CH, C— CH, —> CH4CH —C— CH; 
| -HEr  2.methyl but-2-ene 
Br 
31. (i) (a) Refer to text on pages 233-234. 
(b) Refer to text on pages 225 
(ii) The correct increasing order of reactivity towards 


Sy 2 displacement is 
2-bromo-2-methylbutane < 2-bromopentane 
< 1-bromopentane 
Cl cl 


Cl 
32. "em Anhyd. FeCl, Q . cy 
Cl 


1, 4-dichlorobenzene 
(Major) 


(ii) CH4CH;Cl + AgNO, —> СН;СН,М№О» + AgCl 
(iii) When 2-bromopentane is treated with alcoholic 
' KOH, it undergoes dehydrohalogenation leading to 
the formation of two or more different products 
depending upon the number of different types of 
B-hydrogen available. 
The more highly substituted alkene (ie. having lesser 
number of hydrogen atoms on the doubly bonded carbon 
atoms) is the major product of dehydrohalogenation. This 
is in accordance to Saytzeff rule. 
H Br H 


| 
Chi GHeSCHes CH; Hye 


2-bromopentane (has 2 B-H-atoms) 
СНз — CH—CH—CH,;—CH; + 
` pent-2-ene (Major) 
CH;—CH—CH;—CH;CH; 
Pent-l-ene (Minor) 
33. Two possible isomers of given primary alkyl halide, 

C4HoBr are: 
CH4—CH;—CH ;—CH.;—Br; LN а 

u g 

(19 CH 3 

un 
a9 

According to the question, compound A on reaction 


with sodium does not give the same product 
by n-butyl bromide. So, A cannot be m produced 


2CHy— СН; CH; СН, Br + 2Na Е" 
n-butyl bromide 
Сну СН; СН; СН; СНС, Сн, CH; 


n-octane (not formed іп the reaction) Cg Нуз 


| 
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Now, [II] must be the correct isomer. 
Hence, the overall equations for all the reactions are: 


Br 
` НВг a 
CH;—CH—CH,—Br — H6 , сн, C CH, KBr+ HJO—> КАСА, CH3 
CH3 CH; CH; 
iso-butyl bromide 2-methyl propene 2-bromo 2-methyl 
(1-bromo-2 methyl propane) (В) propane 
(4) | = (© 


Wurtz reaction 


2CH,— HERCLE эма РУ , СН, CH—CH,—CH,— CH— CH; 
CH, CH; CH; 
(A) i : 2, 5-dimethyl hexane 
C; Hig (D) 


34. (i) Haloalkanes react with Mg in dry ether to form Grignard reagents (RMgX), which react with water to form hydrocarbons, 


( Ув * Mg COME (Mes SD, Cw) + Mg(OH)Br 


Bromocyclohexane Cyclohexyl magnesium Cyclohexane 
bromide [A] [B] 
(Grignard reagent) 


(ii) In this reaction, R is CH4— uim group. 
CH; 


СН; CH — Br 4 Mg P995, CH, — ау МеВ: 2205 СН, — сн —D+Mg(OD)Br 


Сн, - CH, CH, 
iso-propyl bromide iso-propyl magnesium 2-deuteropropane 
bromide [С] 
(Grignard reagent) 
(iii) Haloalkanes react with Na in dry ether to give hydrocarbons containing double number of C-atoms. 
CH; СН» CH; CH; CH; 
Na/dry ether Mg H | 
CH,— C—C —CH3 ула СНУ С —X—*> CH, —C — MgX —"©›сн,—С—Н + Mg(OHX 
| reaction | | 
` CH; CH; CH; CH; CH; 
2,2,3,3- tetramethylbutane Grignard reagent 2-methylpropane 
[7 (Q] 
Cl 
эни и Уу т. ЖАИ 2 
5. (i) CH; СН— СН; ——9 CH4,— CH=CH; ——>CH;CH,CH,Br ——>CH,CH,C I | 
3 3 KOH (A) '` peroxide (В) dry ether > er “Saree eH HE 


(ii) Mixing the solution of freshly prepared diazonium salt with cu 


prous chloride or cu i ; 
replacement of the diazonium group by —Cl or — Br. Prous bromide, results in the 


+ 
NX 
? Сиз X x 
| uu à + МЛ 


Aryl halide 
(X= С, Вг ) 
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‚ (i) Iodide is a better leaving gro i 
36 han «Шү bromide, B Broup because of its larger size than bromide, therefore, ethyl iodide undergoes Sy 2 reaction faster 


ii) (+) 2-butanol is a racemic mi ; аи 
( optical rotation due to eee Itisa mixture which contains two enantiomers in equal proportion and thus, have zero 
(iii) In halobenzenes (like chlorob compensation. Therefore, it is optically inactive. id | 
a result, C — X bond (C — be the lone pair of electrons on halogen atom is delocalised on the benzene ring, As 
СН, C—X bond isa pure s i. case of chlorobenzene) acquires some double bond character while in 
single bond. Therefore, C— X bond in halobenzene is shorter than in СН; —X. 


‚ (i) For isomeric alkyl һай sys | 
37. 0) yi halides, the boiling points decreases with branching because with branching, the surface area of the 


alkyl halide decreases and hence, th i 
| ; the magnitude of van d Я i 
bromide (CH3CH CH,CH Вт) has higher boiling ае Morie 7А н какшы 


CH, 
va qb 


“i CH, 
(ii) Racemic mixture contains two enantiomers, i.e. d- and [- 


as the rotation of plane polarised li 
А ight due to one i 
Thus, the mixture will be optically ж ne isomer 


(iii) Refer to text on page 232 and 233. 


forms in equal proportions and possesses zero optical rotation 
will be cancelled by the rotation due to the other isomer. 


38. (a) t iex «асару lacks symmetry is called chiral. The mirror images of such molecules are 
perimposable. Molecule (i) is chiral in given structures as the mirror images are non-superimposable. 


XT A 


OH. 
Mirror image 
‚ (b) It is Wurtz-Fittig reaction. 
Dry 
«Уа + 2Na+ CI-CH; 955 CH;* 2NaCl 
; Toluene 
(c) 
H H ; 
CH, 
3 KOH 
H 
Н 1-methyl cycloh 
1-bromo-1-methyl телата 
cyclohexane 
B-hydrogen on each side of Br atom are equivalent, because of which only one alkene will be formed. 
. 2H;,0/H* 

39. (i CH, сн, CIÉ, CH; — CH;— C &N ———9CH;— CH;— COOH 
Ethyl chloride Ethyl nitrile Propanoic acid 
(Chloroethane) (Cyanopropane) 

T Red P/I KCN 
(i) CH; —CH,—OH —— CH, — CH;—1——» CH —CH,— CN 
Ethanol Iodoethane .. Propane nitrile 
"е KOH (alc. HB 
(iii) CH4CH CHBr eus CH4CH =СН; = a 
1-bromopropane Prop-l-ene 3 
r 
2-bromopropane 


(iv) 2СНн,—СН;— CH — Cl + ома 29% сн —CH,—CH — CH —CH;— CH, + 2340] 
3 2 | Wurtz reaction | 


CH; CH; CH; 
2-chlorobutane 3, 4-dimethylhexane 


246 | AllZvone | CHEMISTRY Chas, " 


Cl 
HCl 
(v) Hos Gach ——— CH,—C—CH, 


CH; CH; 
2-methyl-1-propene 2-chloro-2-methyl propane 
40. (i) But-1-ene is formed as a result of dehydrohalogenation. 
^. CH3—CH;—CH,—CH,—Cl + KOH—> CH; —CH,— CH=CH) + KCI + HO 
n-butyl chloride : (Alc) ~ . Butl-ene 
(ii) Phenyl magnesium bromide is formed. 


Br MgBr 
Dry ether 
TMpI— 
Bromobenzene Phenyl magnesium 


bromide (Grignard reagent) 


(iii) At room temperature and pressure, no reaction occurs but when chlorobenzene is heated with 6-8 96 NaOH solution at 
623K under 320 atmospheric pressure, phenol is obtained. 


cl OH 
i 623 K, 320 atm ' 
С 2МаОН » 


Chlorobenzene Phenol 


(iv) Ethane is formed as a result of Wurtz reaction. 


D 
СНз —Вг +2Na+Br—CH; 2995 CH, —CH, + 2NaBr 


Methyl bromide Ethane 


thane is f: d. 
(v) Cyanomethane is forme CH3— Cl. + KCN—> CH; —C=N +кс 


Chloromethane Acetonitrile 
(Methyl chloride) 


41. (i) CH; =_{н—св, AE KOH ONCH = CH; =>» CH, —CH; — CH, 


202 

Br : И | Br 

2-bromopropane 1-bromopropane 
HB 
(ii) CHyCH CH=CH, ——  —— CH;CH,CH,CHBr ——N"__, en. cr cy CHI 
But Peroxide butyl bromid Acetone ERE. 
ut-)-ene оошу: DrO Re (Finkelstein reaction) n-butyl iodide 
- KOH(lc) НВг, Peroxid N 

(ii) CH — CH — CH, > Сн, — CH=CH EE _ CH сн cg g, _ КОНаф А COH Cu онон 

| Propene $e ddition > -bromopropane Nuclophilic Propanol 


Cl 
2-chloropropane 


substitution 


Heat ` 
(iv) CH; наа +6NaOH "odoform" CHI; |, + CH3COONa + 5Nal + 5H;O0 
OH reaction) lodoform ^ Sodium ethanoate 
iso-propyl alcohol 
Cl Cl OH 
Conc. HNO3+ NaOH 
(v) em) GK О 
Chlorobenzene 
NO, NO, 
Major product p-nitrophenol 


42. (i) Refer to text on pages 229-230. (ii) Refer to text on page 230. 


|TOPIC 4|Ројућајореп Compounds 


Carbon compounds having more than one halogen 
atom are usually referred to as polyhalogen 
compounds. Many of these compounds are useful in 


industry and agriculture. Some important polyhalogen 
compounds are described as follows: 


DICHLOROMETHANE 
(Methylene Chloride, CH 61) 


Ir is colourless, sweet smelling volatile liquid, having 
low boiling point of 313 K and specific gravity of 1.37. 
It is prepared industrially by the direct chlorination of 
methane in the presence of diffused sunlight. 


CH, +2Cl) —" CHCl, +2HCI 


Uses 
It is used 
(i) as a solvent and also as a paint remover. 
(ii) as a propellant in aerosols. 
(iii) as a metal cleaning and finishing solvent. 
(iv) as refrigerant and dewaxing agent. 
(у) as a process solvent in the manufacture of drugs. 


Harmful Effects (Physiological Effects) 


Some of the important harmful effects of methylene 
chloride are as follows: 
(i) It harms the human central nervous system. 
(ii) Exposure to low levels of methylene chloride in air 
can lead to slightly impaired hearing and vision. 
(iii) Exposure to high levels of methylene chloride can 
cause dizziness, nausea, tingling and numbness in 
the fingers and toes. 
(iv) Direct contact with skin causes intense burning 
and mild redness of the skin. 
(v) Direct contact with eyes can burn the cornea. 


TRICHLOROMETHANE 
(Chloroform, СНС1;) 


Chloroform is a colourless, oily liquid with a peculiar 
sickly smell and a burning taste. 


It is slowly oxidised by air in the presence of light to an 
extremely poisonous gas, carbonyl chloride also called 
phosgene. It is therefore, stored in dark coloured bottles. 
2CHCl, +0, 5018: оос, + 2HCI 
Phosgene 


Preservation of Chloroform 
To prevent the oxidation of chloroform, it is preserved in 
the following ways: 
(i) Chloroform is stored in dark coloured bottles to protect 
it from sunlight to avoid their oxidation. 
(ii) These bottles are completely filled with chloroform upto 
the brim and are properly stoppered to keep air out. 
(iii) 1% ethanol is added so, as to convert phosgene gas to 
diethyl carbonate which is non-volatile and non-toxic. 
СОС + 2C,H;0H—> 


она (СН;),СОз +2HCl 
Diethyl carbonate 
Uses 
It is used 


(i) as a solvent for fats, alkaloids, iodine and other substances. 
(ii) as a laboratory reagent. 
(iii) in the preparation of chloropicrin, chloretone, etc. 
(iv) in medicines. 

(v) in the production of freon refrigerant, R-22. 


(vi) as an anaesthetic but now it has been replaced by other 
anaesthetics such as ether. 


Harmful Effects (Physiological Effects) 
Some of its harmful effects are: 

(i) Chloroform affect the central nervous system, Inhaling 
it, 900 ppm (in air) for a short time, causes dizziness, ~ 
fatigue and headache. 

(ii) Chronic exposure to chloroform damages liver and 
kidney due to the formation of phosgene gas inside the 
body. | 

(iii) Skin develop sore if immersed directly into the 
chloroform. 
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TRIIODOMETHANE 
(Iodoform, CHI) 


It is yellow coloured crystalline solid with characteristic | 
unpleasant odour. 


Uses 
It is used 
(i) as an antiseptic due to the liberation of free iodine. 


4CHI; 450; 2226, +4CO, +2Н,0 
„heat r , 


But due to its unpleasant smell, it has been replaced 
by other formulations containing iodine. ,_ 
(ii) in the manufacture of pharmaceuticals. 


TETRACHLOROMETHANE . 
(Carbon Tetrachloride, CC14) 
It is colourless oily liquid with sickly smell. Its boiling 


point is 350 K. It is formed from chloroform as follows: 


сна, «Cl; — 5 CCl, - HCl 


Uses 
It is used 
(i) in large quantities, in the manufacture of refrigerants 
and propellants for aerosol cans. 


(ii) as a feed stock in the synthesis of 
chlorofluoro-carbons (freons) and other chemicals. 


(iii) as a cleaning fluid, degreasing agent and 
spot remover. ' 


(iv) as fire extinguisher. 


Harmful Effects (Physiological Effects) 
(i) Exposure to CCl; causes liver cancer in humans. 
(ii) The most common effects are dizziness, light 
headedness, nausea and vomiting which can cause 
permanent damage to nerve cells. In severe cases, 
these effects can lead to coma, unconsciousness or 


even death. 

(iii) Exposure of ССІ; vapours can make heartbeat 
irregular or even can stop it. When brought in 
contact with eyes, it may cause irritation In eyes. 

(iv) It is also har 
in air, it rises in the atmosphere and depletes the 
ozone layer. Depletion of ozone layer increases the 
human exposure to UV rays which lead skin cancer, 
eye diseases and disorders and possible disruption of 


the immune system. 


mful to environment. When it is released 
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FREONS 

Chlorofluorocarbon compounds (CFC) of methane and ethane 
are collectively known as freons. They are extremely stable 
unreactive, non-toxic, non-corrosive and easily liquefiable gases 
Freon-12 (dichlorodifluoromethane, CCl, F3) is one of the _ 
most common freons in industrial use. It is manufactured from 


tetrachloromethane by Swarts reaction. 


SbCl. | 
3CCl, +2SbF, ———> 2SbCl3 +3CCI,F, 
Freon-12 


Uses 
(i) These are used as refrigerants in refrigerators and air 
conditioning. 

(ii) These are used as propellants for aerosols and foams 
to spray out deodorants, cleansers, shaving creams, 
hair sprays and insecticides. 

(iii) In stratosphere, freon is able to initiate chain 
reactions that can result in depletion of ozone layer. 
Since, freon has been found to be one of the factors 
responsible for the depletion of ozone layer, they are 
being replaced by other harmless compounds in 


many countries. 


Harmful Effects (Environmental Effects) 


Most freons make its way into the atmosphere, where it 
undergoes photochemical decomposition and initiates 
radical chain reactions for depletion of the ozone layer. 
Therefore, the use of freons as propellants and 
refrigerants has been drastically discouraged. 


p,p'-DICHLORODIPHENYLTRI 
CHLOROETHANE (DDT) 


DDT, the first chlorinated organic insecticide, was 
originally prepared in 1873. Paul Muller was awarded 
the Nobel prize in medicine and physiology in 1948 for 
this discovery, Cl 


Ссн 


(DDT) 


It is a white powder, insoluble in water but soluble in ой, 


Uses 


(i) DDT is a cheap but powerful insecticide. 
(ii) It is popularly very effective against anopheles, 
Mosquitoes (causes malaria) and lices which catty ур! 


н joalkanes and Haloarenes 
а 


,rmful Effects | 

aah ironmental and Physiological Effects) 
pris non-biodegradable and extremely stable 

ound which acts 35 water pollutant and Kills aquatic 

"imas chus imbalancing the water ecosystem, When 
yighet animals (including humans) feed on dead fishes 
ued by DDT, it enters in their food chains. DDT gets 
orel in fat tissues of animal and increases in amount 
“er the time. Researches have shown that such 
deposition in long run may cause cancer and other 
рит diseases. Hence, DDT has been banned їп many 
countries but it is still in use, due to its magical effects of 
controlling disease, in most of the developing countries. : 


TOPIC PRACTICE 4 | 


OBJECTIVE Type Questions 
Í. Chloroform can be obtained from 
(a) methanol (b) methanal | 


(c) propanol-1 (d) propan-2-ol 


2. What of the following is formed? When 
chloroform reacts with concentrated nitric acid? 
(a) CHCI4NO; (b) C(NO,)Cl, 
(c) ССІ,СМО, (d). CHC1,NO, 


3. Chloroform is slowly oxidised by air in the 
presence of light to form . 
(а) phosgene (b) formicacid . 
(c) formyl chloride (d) methyl chloride 


4. With which mixture carbylamine test is 
performed in the presence of alc. KOH? 
(a) Chloroform and silver powder | 
(b) Tri halogenated methane and one primary amine 
(c) One alkyl halide and one 1° amine 
(d) One alkyl cyanide and one 1° amine 


5. Which one does not give iodoform test? 
(a) Ethanol (b) Benzophenone 
(c) Ethanal (d) Acetophenone 


6. Choose the incorrect statement among the 
following : 
(a) In polyhalogen c 
atom is present | 
(b) Dichloromethane is used as paint piel 
(c) Chloroform is used as an anaesthetic in surgery 


(4) Chloroform is also used as paint remover 


ompounds, more than one halogen 


10. 


VAD 


Which of the following effects is/are caused by 
exposure to CCI,? 

(a) Liver cancer in human 

(b) Damage to nerve cells 

(c) Coma, unconsciousness 

(d) All of the above 


When freon is manufactured by 
tetrachloromethane, the reaction involved in 
this process is called 

(a) Sandmeyer reaction 

(b) Swarts reaction 

(c) Finkelstein reaction 

(d) АП of these 


Freons, hydrofluorocarbons and fluorocarbons 
are stable in the stratosphere which are used in 
(a) aerosol propellants 

(b) air conditioning equipments 

(c) refrigeration 

(d) АШ of the above 


IUPAC name of DDT is 

(a) 1,1-bis (4-chlorophenyl)-2,2,2-trichloroethane 
(b) 1,2-bis (4-chlorophenyl)-1,1,1-trichloroethane 
(с) 2,2- bis (4-chlorophenyl)-1,1,1-trichloroethane 
(d) 2,1-bis (4-chlorophenyl)-1,1,1-trichloroethane 


VERY SHORT ANSWER Type Questions 


It. 


12. 


1З. 


14. 


15. 


Write one use for each of the following. 
(i) DDT (ii) lodoform All India 2019 


Which polyhalogen compound is used in the 
production of freon refrigerant R-22? 


Name the non-volatile, non-toxic compound, 
which is formed when 1% ethanol is added to the 


bottles of chloroform to convert phosgene gas 
to that compound. 


Chloroform is stored in closed dark coloured 
bottles completely filled, so that air is kept out, 


Explain. Delhi 2013, 2010 C 


lodoform has antiseptic properties. Give one 
reason to support it. Delhi 2012 


SHORT ANSWER Type I Questions 


16. 


(i) Give the reaction for the formation of 
phosgene gas. 
(ii) What happens when 


phosgene gas rea 
with ethanol? (Give я = 


chemical reaction only). 
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LONG ANSWER Туре Questions 


17. Name the following polyhalogen compounds. 


1. 


N 
е 


7. 


(i) Compound that act as a propellant in 
aerosols. 
(ii) Compound that is used in the preparation of 
chloropicrin. 
(iii) Compound that act as fire extinguisher. 
(iv) Compound that is a cheap insecticide. 
(v) Compound that is used in hair sprays. 
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18. Some halogen containing compounds are y,, 


in daily life. Some compounds of this class аге 
responsible for the environmental degradation 
like pollution, exposure of flora and fauna to 
more and more of UV light etc., which cause, 
destruction to a great extent. 

Name the class of these halo compounds, 
Discuss useful and harmful effects of halogen 
compounds. In your opinion, what should be 
done to minimise harmful effects of these 


compounds? 


HINTS AND EXPLANATIONS 


(d) CH4CO— or CH;CH(OH)— bearing compounds 
give haloform on reaction with NaOH / X». Thus, 


OH 
| а, 
CH,— CH— CH, +[0] —— 2» CH;COCH, 
- 2НСІ 


CH4COCH 443Cl;-4NaOH —9 CHCI; 


Chloroform 
+ CH34COONa + 3NaCl+3H,0 
Sodium acetate 


Heat 


(b) CHCl; + HNO3 —> CI3CNO; + H20 
Nitrochloroform | 

(chloropicrin) (Tear gas) 

Chloropicrin is formed ‘when chloroform’ reacts with 

concentrated HNO3. 

Light and air 

————À 


Conc. 


CChOH 


HCl +СЬС=О 
Phosgene 


(a) CHCl, + [О] 


(b) CHgNHg + CHI; + 3KOH 255 CH —N=C 
1°-amine Tri Methyl isocyanide 
halogenated 
methane 
О 
| 


(Б) Those compound which have CH3— C — ог 
OH 


CH 4— CH — groups give iodoform test. Thus, 
benzophenone (С;Н5СОС;Н;) will not give iodoform 
test. 

(d) Chloroform is not used as paint removers, | 

(а) Exposure to carbon tetrachloride causes liver cancer 
in humans. The most common effects are dizziness, light 
headedness, nausea and vomiting which cause 
permanent damage to nerve cells. In severe cases, these 
effects can lead rapidly to coma, unconsciousness or 


death. 


8. (b) Manufacturing of freon from tetrachloromethane jg 
referred as Swarts reaction. 

9. (d) Freons, hydrofluorocarbons and fluorocarbons are 
used in aerosol propellants, air conditioning equipments 
and for refrigeration. These compounds are stable in the 
stratosphere. 

10. (c) IUPAC name of DDT is 


1 2 
CCl;—CH 
`©- 


2, 2-bis (4-chlorophenyl)-1, 1, 1-trichloroethane 


11. (i) As an antiseptic 
(ii) Powerful insecticide 


Chloroform (СНСІ,) 


Diethyl carbonate 

In the presence of light, chloroform is oxidised by air te 
form an extremely poisonous gas, phosgene (carbonyl 
chloride). It is therefore, stored in dark coloured 
completely filled bottles, so that air is kept out. 


12. 


13. 
14. 


СІ 
2CHCI, + O, n, 20=с{ +2НС1 
Cl 
Phosgene 
15 


The antiseptic properties of iodoform is due to free 
12, which is liberated when iodoform comes in contact 
with skin. 


Moist 
4CHI3 +50, ——“"5 61, + 4CO, + 2H20 
Air, heat 


: . Ai 
(i) 2CHCl, + 0, — 7, 2COCI, + 2HCI 
ight 2 
Рһоздепе 


16 


. 


(ii) „Сос, + 2C;H50H —3À (С,Н;),СОз + 290 
озБепе Ethanol  Diethyl carbonate 


^w 


galoalkanes and Haloarenes 


17. 


18. 


(i) Carbon tetrachloride (CCI,) 


(ii) Chloroform (CHC14) 

(iii) Carbon tetrachloride (ССІ,) 
(iv) DDT 

(v) Freons 


The mentioned halo compounds belong to the class of 
polyhalogen compounds. 

Dichloromethane It is used as a solvent, as a paint 
remover, as a propellant in aerosols and as a process 
solvent in the manufacture of drugs. It is also used as a 
metal cleaning and finishing solvent. 
Trichloromethane It is employed as a solvent for fats, 
alkaloids, iodine and other substances. 
Triiodomethane It is used as an antiseptic. Now, it has 
been replaced by some other compounds, because of its 
objectionable smell. 

But some compounds of this class are responsible for 
exposure of flora and fauna to more and more of UV light 
which causes destruction to great extent. 


These are as follows : 


(i) Tetrachloromethane When carbon tetrachloride is 
released into the air, it rises to the atmosphere and 


(ii) 
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depletes the ozone layer. Depletion of the ozone 
layer is believed to increase human exposure to UV 
rays leading to increased skin cancer, eye diseases 
and disorders, and possible disruption of the 
immune system. These UV rays cause damage to 
plants, and reduction of plankton populations in the 
ocean's photic zone. 

Freons Freon-113 is likely to remain in the air long 
enough to reach the upper atmosphere. Here, it 
provides chlorine atoms which damage the ozone 
layer. Because of this depletion, UV rays enters in 
our atmosphere and become responsible for the 
damage to great extent. 


(iii) p-p'-dichlorodiphenyltrichloroethane (DDT) It is 


non-biodegradable. It gets deposited in fatty tissues. If 
ingestion continues for a long time, DDT builds up 
within the animal and affect the reproductive system. 
To minimise the harmful impacts of these 
compounds (i.e. freons, hydrofluorocarbons), 
fluorocarbons and hydrocarbons can be straight 
used to make refrigerants and air-conditioning 
equipments. They are stable in the stratosphere and 
are safe for flora and fauna. 


SUMMARY 


* Organic compounds formed by the replacement of one or more 
hydrogen atoms of aliphatic hydrocarbon, by an equal number 
of halogen atoms are called haloalkanes. Haloarenes are 
compounds having halogen atom directly attached to the 
aromatic nng. 

In IUPAC system, these are written by prefixing the word 'halo' 
to the name of the longest Straight chain alkane. 

Haloarenes are the common as well as IUPAC names of aryl 
halides. For dihalogen derivatives, the prefixes, o -, m- and p- 
are used in common system but in IUPAC System the numerals 
1,2; 1, Запа 1, 4 are used. 


* Preparation 
Method Reaction involved 


RCH;OH + HX —>ACH,X + НО, 


(i) From alcohols 
(substitution) 


PX 
R—OH——> R—X + H,PO,, 
(P4/X2) 
R—OH+ soci, — 3, 
R—Cl« SO, 1 + HCIt 


(i) From alkanes CH, 2н) CHI, 
(halogenation) + CHCl, + CCl, 
(iii) From alkenes H H 
(addition) [ "| 
* Addition of R—C=C—R+ HX 
hydrogen halides НН 
| | 
= уз" 
н H 
H „H CCl, 
e Addition of H >с=с< н + В? 
halogen 
i BrCH, — СН,Вг 
* Allylic = 773K 
substitution of — CHCHICH— CH» + X; or NBS 
кш CH,CH—CH CH, + Hx 
X ране — - ——— e 
PE ida di D | 
(iv) By halide НС —Вг+ Ag Р 22» H4C— F+ AgBr 


exchange reaction 
(Swarts reaction) 


(v) Halogenation X 


* HCI 


я - Fa 
(vi) From benzene NH3 Nox 
diazonium salts 
NaNO, + 
Sandmeyer's 273278 K 
reaction 
Си, 
боду, Nj 
NO a 
Gattermann Cu/HCl 
reaction ^ +1 
NX М ВЕ, Е 
Balz-Schiemann HBF, A 
reaction © TETV p 
+ №Т + ВЕ, 


* Physical properties 


Haloalkanes Polar in nature, insoluble in polar solvents like water 
as they do not have the ability to form hydrogen bond with water, 
density increases with increase in the number of alkyl groups. 
Haloarenes They are solids, less polar compounds, insoluble in 
water but soluble in organic solvents like ethanol and ether. 
Boiling point increases as the size of halogen atom increases and 
also as the size of aryl group increases. 

When alkyl group is same, melting point increases as size of ` 
halogen increases. For dihalobenzenes, p-isomer has high melting 
point as its molecules pack closely in the crystal lattice. 

The dipole moments of haloarenes increases in the order; 
fluorobenzene « chlorobenzene « bromobenzene « iodobenzene. 


Alkyl halides, give nucleophilic substitution, elimination reaction, 
reduction reaction with metals and Friedel-Craft's alkylation. 
Polyhalogen compounds 


Dichloromethane It is colourless, sweet smelling, volatile liquid, 
having low boiling point of 313 K and specific gravity of 1.37. Itis 
used as solvent, paint remover, propellant, refrigerant and dewaxing 
agent. 

Chloroform CHCI, is slowly oxidised by air in the presence of light 
lo an extremely poisonous gas carbonyl chloride, also known as 
phosgene. 


lodoform CHI, is yellow coloured crystalline solid with characteristic 
unpleasant odour, 


Tetrachloromethane СС! 4 ÎS a colourless, oily liquid with sickly smel. 
Freons CFC of methane and ethane are collectively known as 16078 


СНАРТЕК 
RACTICE 


OBJECTIVE Type Questions 
{ The IUPAC name of isobutyl bromide is 
CBSE 2021 (Term I) 
(a) 1-bromo-3-methylbutane 
(b) 3-bromo-2-methylpropane 
(c) 2-bromo-2-methylpropane 
(d) 1-bromo-2-methylpropane 
) Chlorobenzene when treated with sodium in dry 
ether gives diphenyl. It is called CBSE 2021 (Term!) 
(b) Fittig reaction 
(d) Friedel-Crafts reaction 


(a) Wurtz reaction 
(c) Wurtz-Fittig reaction 
3 Which reagent is required for one step conversion of 


benzene diazonium chloride to bromobenzene? 
CBSE 2021 (Term I) 


(aPBr, (b) HBr (с) CuBr, (d) Br, 


4 Which of the following compounds undergoes 
racemisation on hydrolysis with aqueous KOH? 
СВ$Е 2021 (Term 1) 


(a) CH, —CH, —Br (b) CH, — М "ж в: 


CH, 
C,H; 
| 


(c) CH, — Br (d) CH,—CH— Br 


5 Arylhalide are extremely less reactive towards 
nucleophilic substitution reaction due to 


(a) resonance effect 


(b) unstability of phenyl cation 
(c) repulsion between n-cloud of benzene ring and 


incoming nucleophile 
(d) All of the above 


CASE BASED Questions 
Case | 


Nucleophilic substitution reactio 


Conducted according to both Sy OS 
owever, which mechanism it is based on is Hs rties 
such factors as the structure of haloalkane, anc prope 


; | olvent. 
of leaving group, nucleophilic reagent and s 


n of haloalkane can be 
1 and Sy2 mechanisms. 


Influences of halogen. No matter which mechanism 
the nucleophilic substitution reaction is based on, the 
leaving group always leave the central carbon atom with 
electron pair. This is just the opposite of the situation 
that nucleophilic reagent attacks the central carbon 
atom with electron pair. 

Therefore, the weaker the alkalinity of leaving group 15, 
the more stable the anion formed is and it will be more 
easier for the leaving group to leave the central carbon 
atom; that is to say, the reactant is more easier to be 
substituted. The alkalinity order of halogen ion ts 

D « Br «CI «F' and the order of their leaving 
tendency should be T > Br » CI» F7. 


Therefore, in four halides with the same alkyl and 
different halogens, the order of substitution reaction 
rate is RI > RBr > RCI > АЕ. In addition, if the leaving 


group is very easy to leave, many carbocation 


intermediates are generated in the reaction and the 
reaction is based on Sy 1 mechanism, If the leaving 
group is not easy to leave, the reaction is based on S42 
mechanism. 


Influences of solvent polarity In S1 reaction, the 
polarity of the system increases from the reactant to the 
transition state, because polar solvent has a greater 
stabilising effect on the transition state than the 
reactant, thereby reduce activation energy and accelerate 
the reaction, In 542 eaction, the polarity of the system 
generally does not change from the reactant to the 
transition state and only charge dispersion occurs. 


At this time, polar solvent has a great stabilising effect 
on Nu than the transition state, thereby increasing 
activation energy and slow down the reaction Mi bs 
example, the decomposition rate (Sal of tertia 
chlorobutane in 25°C water (dielectric constant 79) А 
300000 times faster than in ethanol (dielectric co ы 
24). The reaction rate (Sx 2) of 2-brom donc 
NaOH in ethanol containing 40% Ups dnd 
А g 40% м 


и ater is twic 
than in absolute ethanol. e slower 
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жо ч eo of solvent olarity has influence on 
and Sy 2 reactions, but with different results. 
Generally speaking weak polar solvent is favorable for 
52 reaction, while strong polar solvent is favorable for 
Syl reaction, because only under the action-of polar 
solvent can halogenated hydrocarbon dissociate into 
carbocation and halogen ion and solvents with a strong 
polarity is favorable for solvation of carbocation, | 
increasing its stability. 
Generally фе, the substitution reaction of tertiary 
haloalkane is based on S1 mechanism in solvents with a 
strong polarity (for example, ethanol containing water). 
CBSE Question Bank 


The following questions are multiple choice questions. Choose 
the most appropriate answer : 


6. Sy1mechanism is favoured in which of the 
following solvents 
(a) benzene (b) carbon tetrachloride 


(c) acetic acid (d) carbon disulphide 


7. Nucleophilic substitution will be fastest in the 
case of 
(a) 1-chloro-2,2-dimethyl propane 
(b) 1-iodo-2,2-dimethyl propane 
(c) 1-bromo-2,2-dimethyl propane 
(d) 1-fluoro-2,2-dimethyl propane 


8. S,1reaction will be fastest in which of the 


following solvents? 

(a) Acetone (dielectric constant 21) 
(b) Ethanol (dielectric constant 24) 
(c) Methanol (dielectric constant 32) 
(d) Chloroform (dielectric constant 5) 


9. Polar solvents make the reaction faster as they 
(a) destabilise transition state and decrease the 
activation energy 
(b) destabilise transition state and increase the 
activation energy 
(c) stabilise transition state and increase the activation 
energy 
(d) stabilise transition state and decrease the activation 
energy 
10. S, reaction will be fastest in the case of: 


(a) 1-chloro-2-methyl propane 
(b) 1-iodo-2-methyl propane 
(c) 1-chlorobutane 

(d) 1-iodobutane 


Case ll 

Nucleophilic substitution reactions in aryl halides occur only 
under drastic conditions, whereas electrophilic substitution 
reactions such as halogenation, nitration, sulphonation and 
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Friedel-Craft’s reaction occur к these reaction, | 
stronger electrophile replaces weaker е ectrophile, | 


The electrophilic substitution reactions in haloarenes | 


occur slowly and requires more drastic conditions, Т; 
due to the ortho- and para-directing influence of halogen 
atom attached to a benzene ring which can be understood | 


by following resonating structures. | 


e 
T 
X 


e e 
€ | CIUS ND 
CY o 4 е 2 
| <— | < i | 

© № 


In the question that follow Assertion and Reason are gie, 
Reason is purported to the explaination for Assertion. Study 
carefully and then mark your answers, according to the code 
given below. 


Marks your answer as : 
(a) Both (A) and (R) are true and (R) is the correct 
explanation of (A). 
(b) Both (A) and (R) are true but (R) is not the correct 
explanation of (A). 
(c) (A) is true bur (R) is false. 
(d)- (A) is false but (R) is true. 


11 Assertion Haloarenes are less reactive towards 
substitution reactions. 
Reason The electron pairs on the halogen atom 
are in conjugation with relectrons of the ring. 


12 Assertion 
CI ONa OH 


4 NaOH 623 K, 300 atm 
-HCI -NaCl 
Chlorobenzene Phenol 
(Haloarene) 


Reason It is equation for nucleophilic 
substitution reaction of haloarene. 


Or Assertion Two products formed from 
Friedel-Craft's alkylation in chlorobenzene. 


Reason 
CI CI cl 
CH; 
+С Anhyd, 
Chlorobenzene 
2-methyl 
chlorobenzene CH; 
4-methy! 
chlorobert 


kanes and Haloarenes 


paloal 


Assertion 
p Cl 


è 


(i) NaOH, 443 K 
————3 
cra 00) 
NO, 


Reason Yis 2-nitrophenol. 
{4 Assertion 


Cl Cl а 
> > 
NO; NO; NO; 


Reason The order of reactivity towards : 
electrophilic addition reaction. 


ASSERTION and REASON 


в Directions (Q. Nos.15-21) In the following questions. 
an Assertion (A) is followed by a corresponding Reason (R) 


Use the following keys to choose the appropriate answer. 
(a) Both (A) and (В) are correct, (R) is the correct 
explanation of (A). 


(b) Both (A) and (R) are correct, (R) is not the correct 


explanation of (A). 
(c) (A) is correct; (R) is incorrect. 
(d) (A) is incorrect; (R) is correct. 


15 Assertion (A) Sy1reaction is accompanied by 


racemisation. ! 
Reason (R) Carbocation is formed in this 


reaction and attack of nucleophile can be from 


either side of the leaving group. 
16 Assertion (A) Alkyl halides are insoluble in 
water, 


Reason (В) Alkyl halides have halogen 
attached to sp? hybridised carbon. 


17. Assertion (A) Bond cleavage in haloarene is 
difficult than haloalkane. 


Reason (R) Phenyl carbocation is more stable. 


18 Assertion (A) Nitration of chlorobenzene leads 
to the formation of ortho and para nitrochloro 


benzene. 
Reason (В) —NO, group is a о, p-directing 
group. 


CBSE 2021 (Term I) 


19 


20 


21. 
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Assertion (A) neo pentyl chloride is formed when 
neo pentyl alcohol reacts with HCl. 

Reason (R) neo pentyl alcohol is a primary alcohoL 
Assertion (A) Sy1mechanism is ruled out in case of 
haloarene. 


Reason (R) Phenyl cation is formed as a result of 
self ionisation which is not stabilised by resonance. 


Assertion (A) Phosphorus chlorides (In and penta) 


‚ аге preferred over thionyl chloride for the 


preparation of alkyl chlorides from alcohols. 
Reason (В) Thionyl chloride give pure alkyl 
halides. 


VERY SHORT ANSWER Type Questions 


22 


23 


24 


26 


27 


28 


29 


30 


31 


32 


Among the following, which is not an allylic halide? 
3-bromo-2-methylpropene, 4-bromobut-1-ene and 
3-bromo-2-methylbut-1-ene. 

Among the following, which nomenclature is not 
according to the IUPAC system? 
1-bromoprop-2-ene, 2-methyl-3 phenylpentane and 
5-oxohexanoic acid. 


Write the IUPAC name of the following compound 
2 
ко. э» 


Write the IUPAC name of the compound 
(CH3),CCH,Br. 


Write the structure of the compound 
1-chloro-4-ethylcyclohexane. 


Write the structure of the following compound, 
2-chloro-3-methylpentane 


NCERT Intext; NCERT; All India 2011C 


Write the structure of 1-bromo-4-chlorobut-2-ene. 
Delhi 2017 
What is A in the following reaction? 
Нә — CH=CH» 
+ HCl — А 


How can the following conversion be carried out? 


Aniline to bromobenzene, All India 2015 


Arrange the following compounds i 

: in the orde 
increasing boiling points. Chloromethane ics 
chloroform, iodomethane, bromomethane 


Write a chemical reaction in which iodide ion 
displaces diazonium group from diazonium salt 
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33 Why iodoform has appreciable antiseptic property? 


34 Inthe following pairs of halogen compounds, 
which compound undergoes S, 2 reaction faster? 


Br Br 
AN and N/A 


35 An alcohol having molecular formula, C,Hj90 is 
optically active. What is its structure? 
36 What happens when CH,—Br is treated with KCN? 
Delhi 2013 


37. Asolution ofKOH hydrolyses CH4CHCICH;CH, and 
CH;CH;CH;CH;Cl. Which опе of these is more 
easily hydrolysed? 


38 What is the IUPAC name of DDT? Why is its use 
banned in many countries? 


SHORT ANSWER Type I Questions 


39 Account for the following : 


(i) p-dibromobenzene has higher melting point 
than o-dibromobenzene. 


(ii) n-butyl bromide reacts faster than t-butyl 
bromide through S, 2mechanism. 


40 Why is iodination of benzene difficult? 
41 Write the mechanism of the following reaction. 


CH,CH,OH — P2, cH,CH,Br + H,O 


42 Complete the following reactions. 


C2H5 | 
(i) СУ + HI—> 


43 Suggest a possible reason for the following 
observations: à; 


(i) The order of reactivity of haloalkanes is 
RI»RBr» RCI. 


(ii) Neo-pentyl chloride, (CH3), C— CH,Cl 
does not follow S42 mechanism. 
44 P,Q,Rand S undergoes Sp2 reaction with KI in 
acetone. What is the order of the rate of reaction? 


С! 
СН: — СІ; »—Gd; “ма; 
Р о R $ 


45 Why are haloarenes more stable than haloalkanes 
and undergo electrophilic substitution reaction at 


o- and p-position? 


| АШтопе | CHEMISTRY Class 1, 


46 write the reaction for the formation of each of 
following. 
(i) Dichloromethane 


the 
(ii) Phosgene 

47 Write one physiological and environmental effec 

for each of the following. 

(i) Tetrachloromethane (ii) DDT Delhi 20s 


48 How are polyhalogens different from other or 


> Р Banic 
halogens? Explain with example. 


49 Givethe IUPAC names ofthe following compound 


CH; 
(i) Heg CHA 
CH, 
(ii) CH,CH =C — CH—CH, 
сн, br 
(iii) (СНз): ССН, СНЈСІ - » 


pe i. 
(iv) ae ено С — CH, 


Cl Cl All India 2010C 


50 Why is sulphuric acid not used during the reaction 
of alcohols with KI? _ NCERT Intext 


51 (i) Allyl chloride is hydrolysed more readily than 
n-propylchloride. Why? 


(ii) Cyanide ion acts as an ambident nucleophile. 
From which end, it acts as a stronger 
nucleophile in aqueous medium and why? 


52 Out of CeHsCHCIC;H; and СН;СН,СІ, which is more 
easily hydrolysed by aqueous KOH? NCERT 
53 . Diphenyls are potential threat to the environment. 
How are these produced from aryl halides? 
NCERT Exemplar 


SHORT ANSWER Type II Questions 


54 Classify the haloalkanes on the basis of 
hybridisation of their C — y bonds alongwith 
examples. 


55 Wale the IUPAC name, structure and one isomer 


Or each of the following compounds. 

(i) tert-butyl bromide (ii) Allyl chloride 
Which one of the following pair undergo 541 
reaction faster and why? 

57 How will you ob 
aniline? Give re 


56 


tain monobromobenzene from 
action. 


galoalkanes and Haloarenes 


$8 Give reasons for the following observations. 
(i) p-dibromobenzene has higher melting point 
than those of o- and m-isomers. 


(ii) Out of chlorobenzene and chloromethane, 
which is more reactive towards nucleophilic 
substitution reaction? 


(iii) Racemisation occurs іп Sy1reaction. 
59 How would you differentiate between Spl and S42 
mechanisms of the substitution reactions? Give 
one example of each. 


60 How will you bring about the following conversions? 
(i) 1-bromobutane to 2-bromobutane 
(ii) Aniline to chlorobenzene 
(iii) Ethanol to ethyl bromide 


61 Explain the formation of the two products in the 
following reaction: 
CH, CH= CHCH, Cl + Н; О —> 
CH, CH= CHCH, OH+ CH, CH(OH)CH = CH; 
62 (0) Why is ether preferred over chloroform as 
anaesthetic agent? 
(ii) Name the polyhalogen which is used to prepare 
| chloropicrin? 
'63 Classify the following compounds as primary, 
secondary and tertiary halides. 
(i) 1-bromobut-2-ene 
(ii) 4-bromopent-2-ene 
(iii) 2-bromo-2-methylpropane 
64 Write the equations for the preparation of 
l-iodobutane from 
(i) 1-butanol 
(iii) but-1-ene 
65 (1) Comment on the strength and size of the 
nucleophile or base. 


Or Chlorobenzene is extremely less reactive 
towards a nucleophilic substitution reaction. 
Give two reasons for the same. Delhi 2013 


| ive towards 
Or Why aryl halides are less reactive 
nucleophilic substitution reactions than alkyl 


halides? 


NCERT Exemplar 


(ii) 1-chlorobutane 
NCERT 


wo substances undergo 


ii) Which of the following t 
i S, 1 reaction faster and why? NCERT Exemplar 
ji ARA 
Or а 


66 Arrange the compounds of each set in the order of 


2 i ement. 
reactivity towards Sy2 displac NCERT; All Indla 2011 


(i) 2-bromo-2-methylbutane, 1-bromopentane, 


2-bromopentane 
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(ii) 1-bromo-3-methylbutane, 2-bromo-2-methyl 
butane, 2-bromo-3-methylbutane 
(iii) 1-bromobutane, 1-bromo-2, 2-dimethylpropane, 
1-bromo-2-methylbutane, 1-bromo-3-methyl 
butane 
67 What will be the major organic product of the 


following reactions? 
OH 


soc, 
(i) == 
CH; 
Р | кон 
(ii) CH, —C—Br 
CH, 
HBr 


——À 
Peroxide 


LONG ANSWER Type Questions 


68 (i) What are enantiomers? Draw the structures of 
the possible enantiomers of Butan-2-ol. 

(ii) Optically active 2-bromobutane, on treatment 
with Nal in acetone gives a product, which does 
not show optical activity. Give reason. 

(iii) An optically active compound with molecular 
formula of Cz Hs Br, reacts with aqueous 
KOHt o give a racemic mixture of 
products, Write the mechanism involved for 
this reaction. 


69 The following reaction gives two products: 
C; H;,CH;CHCIC;H; Аскон 


heat 


Explain the formation of the products and write 
their structures. 


70 (0) Account for the following : 

(a) Use of DDT was banned in United States in 
1973. 

(b) Alkyl halides prefer to undergo 
dehydrohalogenation in the presence of a 
strong base such as Na metal, instead of 
undergoing Wurtz reaction. 

(c) Allyl chloride is more reactive than the 
n-propyl! chloride towards nucleophilic 
substitution reaction. Explain why? 

(ii) What happens, when 
(a) ethyl chloride is treated with aqueous KCN? 


(b) chlorobenzene is subjected to replace of 
hydroxyl group. 


14 (c) The correct order of reactivity towards nucleophilic 
substitution reaction of the given compounds is as follows. 


ї@ 20 s3() 4@) 5 Cl Cl Cl 

6 (с) A polar protic solvent i.e. acetic acid favour Syl O;N NO; NO; 
mechanism. Higher the polarity of the solvent, > > 
stronger's the solvent interaction and thus faster is the 


ionisation of RX and consequently faster is the Syl 
reaction. 


| ANSWERS | 


NO; NO; «. NO, 
7 (b) Weaker the alkalinity of leaving group, more stable 


is the anion formed. It will be more easier for leaving 
groups to leave the central carbon atom. 
The relative reactivity order of substitution reaction, 

RI > RBr > RCI > RF 
So, 1-iodo-2, 2-dimethy] propane will give fastest 
nucleophilic substitution reaction. 
8 (с) Solvent which have highest dielectric constant, will 
give fastest S41 reaction. In the given solvents methanol 


has highest dielectric constant, so it will give fastest Sy1 
reaction. 


9 (d)Polar solvent have large dipole moments. They are 
lower in energy of both reactant and transition state. 
Due to lower activation energy, reaction goes faster. 


10 (b) The order of substitution reaction rate is 


КІ > RBr > RCI > КЕ 
Reaction will be fastest in case of 1-iodo-2-methyl 
propane. In 1-iodo-2-methy] propane, 1° carbocation 
formed in the reaction rearranges itself to 
2° carbocation. ` 


11 (a) This is because, in haloarenes, the electron pairs on 


the halogen atom are in conjugation with electrons of 
the ring. As a result, the C— СІ bond acquires partial 
double bond character. Therefore, the bond cleavage in 
halogens is difficult than haloalkanes in which carbon is 
attached to halogen by a pure single bond. Hence, 
haloarenes are less reactive than haloalkanes. 

Both (A) and (R) true and (R) is the correct explanation 
of (A). 


12 (b) Both (A) and (R) are true but (R) is not correct 


explanation of (A). 


Or (a) Both (A) and (R) are true. (R) is correct explanation 


of (A). 


13 (с) Yis 4-nitrophenol. The reaction is as follows 


Cl OH 


(i) NaOH, 443 K 
(ii) H* 


NO, 


4-chloronitrobenzene 


Only (A) is correct. 


NO, 
4-nitrophenol (У) 


15 


16 


17 


18 


19 


20 


21 


Only (A) is correct. 

(a) In case of optically active alkyl halides, S1 reactions 
are accompanied by racemisation. The carbocation 
formed in the slow step being sp?-hybridised is planar 
(achiral). The attack of the nucleophile may be from 
either side resulting mixture of products. One product 
has same configuration, while other has opposite 
configuration. Thus, both (A) and (R) are correct and (R) 
is the correct explanation of (A). - 


(b) Here, both (A) and (R) are true but (R) is not the 
correct explanation of (A). 

Alkyl halides are insoluble in water because they are 
unable to form hydrogen bonds with water or break 
pre-existing hydrogen bonds. 


(c) (A) is correct but (R) is incorrect. Bond cleavage in 
haloarene is difficult than haloalkane due to partial 
double bond character in C— Cl bond because of 
resonance, so it is less reactive towards nucleophilic 
substitution reaction. Phenyl carbocation is very unstable. 


(c) (A) is correct but (R) is incorrect. Presence of — CI 
in chlorobenzene activates the ring at ortho and 
para-positions and therefore, nitration of chlorobenzene 
leads to the formation of o- and 

p-chloro nitro chlorobenzene. — NO, group is а 
meta-directing group. 

(d) 2- chloro -2 methylbutane (not neo pentyl chloride) 
is formed when neo pentyl alcohol reacts with HCl. The 
initially formed primary carbocation undergoes 
rearrangement to form more stable tertiary carbocation. 
The reaction is given as follows : 


CH, CH, 
HCl 
мар ТЕН ате 
"таз 2 


CH; Cl 
(Primary alcohol) 


‘Therefore, (A) is incorrect but (R) is correct statement. - 


(a) In case of haloarenes, the phenyl cation formed as а 
result of self ionisation will not be stabilised by 
resonance and therefore Sy1 mechanism is ruled out. 
Thus, both (A) and (R) are correct and (R) is correct 
explanation of (A). 

(b) (A) is not correct but (R) is correct. In fact, the use of 
thionylchloride is preferred over phosphorus chlorides 
for preparing haloalkanes from alcohols because the 


aloalkanes and Haloarenes 


other products of the reaction (i.e.) HCI(g) and SO,(g) 
being gases escape out leaving behind pure haloalkane. 


22 4-bromobut-I-ene 23 1-bromoprop-2-ene 
4 L5 dibromo-2-methylpent-2-ene 
25 1- bromo-2,2-dimethylpropane 


26 С 


C2H5 


1 2 3 4 5 
97, CH;—CH—CH—CH,—CH, 
т 


а CH, 


| 
28 Bigs soe, 29 A= C сн, 


Cl Br H 


+- 
МН, N3Br Br 
30 С NaNO 2 + HBr Ô Со Вг; Onn 
273-278 K 


31 Chloroform>Iodomethane>Bromomethane>Chloromethane 


32 Replacement of the diazonium group by iodine is done 
‚ simply by shaking the diazonium salt with potassium 
iodide. 


NX I 
33 lodoform has appreciable antiseptic properties due to 


the liberation of free iodine, | 
HCHI, +50;=—==®—э61, +4С0,+2Н,0 


A Br 
35 Mirror 
сь | сн, 
" C i C MT 
H "| \CH,CH; I HCH,C^ N 'H 
OH oH 


36 When CH,Br is treated with KCN then methyl cyanide 

(CH,CN) is formed. 

CH,Br« КСМ —> CH,CN + KBr 
CH,CHCICH,CH, upon ionisation gives more stable 2? 
carbocation while СН,СН,СН,СН,СІ gives less stable 
1° carbocation. 

38 The IUPAC name of DDT is 2, 2-bis-(4-chlorophenyl)-1, 1, 
1-trichloroethane. It is non-biodegradable and extremely 
stable compound which act as a water pollutant and kills 
aquatic animals thus inbalancing the water ecosystem. 

39 (i) Refer to solution 12 on page 240. 

(ii) Refer to text on pages 226 and 227. 


37 


40 
41 


42 


43 


44 
45 
46 


47 
48 


49 


50 
51 


32 


53 


54 
55 


56 
57 
58 


59 


(iii) Refer to text on 
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Refer to text on page 217. 
Км + 
C,H,— OH + H'— C;H,— 0H; 
Р" айк: | E 
X +R -бну— C,H,-X+H,0 


C;H; 
(i) CK 
Br 


(i) Refer to text on page 228 (ii) Refer to text on page 227 
and 228. 

Refer to text on pages 227 and 228. 

Refer to text on pages 223 and 224. 

(i) CH, + 2С], —— CH, Cl, + 2HCI 

(ii) 2CHCI, + О, —— 2СОС1; + 2НСІ 


(ii) CH,CH, oe 


(i) Refer to text on page 248. (ii) Refer to text on page 249. 
Refer to text on page 247. 


(i) 1-chloro-2, 2-dimethylpropane 
(ii) 4-bromo-3-methylpent-2-ene 


(iii) 1-chloro-3, 3-dimethylbutane 
(iv) 3, 5-dichloro-3, 5-dimethylheptane 


Refer to text on page 215. 


(i) Refer to text on page 227 and 228. 
(ii) Refer to text page 225. 


In Sul reaction, C,H;CHCIC,H, gets hydrolysed more 
easily than C,H;CH,Cl. 

However, under Sy 2 reaction, C,H,CH,CI (with lesser 
steric hindrance) gets hydrolysed more easily than 


C,H;CHCIC,H;. Refer to text on pages 227 and 228. 


In environment, diphenyl is formed during the 
incomplete combustion of mineral oil and coal. It is 
present in the exhaust gases of vehicles and in 

exhaust air from residential and industrial heating 
devices.Acute exposure to high levels of diphenyl has 
been observed to cause eye and skin irritation and toxic 
effect on the liver, kidneys and central/peripheral 


nervous system. Kidneys of animals are al 
due to the ingestion of biphenyls. so affected 


Fittig reaction (Preparation of di 
halides). Refer to text on page 235, 


Refer to text on pages 207 and 208. 
(i) Refer to text on page 208, 


(ii) Allyl chloride (CH, :CH- C 

Isomer of CH, = CH-CH 
CH,- CH=CH-c] 

CH, = CHCHCICH,, due t 

Refer to text on page 217, 

(i) Refer to text on Page 224, 

(ii) Refer to text on pages 227 and 233 

Pages 230. 
Refer to text on pages 226, 227 and 228 


phenyls from aryl 


H,Cl) 

2Cl (ally) chloride) is 
(1-chloroprop-1-ene) 
о the delocalisation, 


260 


60 (i) Dehydrohalogenation followed by Markovnikov's 
addition. 
(ii) Refer to text on page 217. 
(iii) Refer to text on page 215. 
61 1-chloro but-2-ene undergoes hydrolysis in warm water 
to give a mixture of these allylic alcohols. 


H,O 
CH,CH = CHCH,Cl —*— CH,CH =CHCH,0H 


But-2-en-1-ol 
OH 


* CH, CHCH — CH; 
But-3-en-1-ol 


The two products can be explained by an Sy1 mechanism 
that produces an allylic cation that can react with water 
at either 1 or 3 position 


Ca cre CH eC Эч , cHycH-CH* c, = 


а „вю сн,©н-сн=Ссн; 


CH,;CH=CHCH,OH |но 
К | 
CH;CHCH=CH, 


OH 
62 (i) Refer to text on page 247. (ii) Chloroform (СНСІ,) 
63 (i) Primary halide (ii) Secondary halide 
(iii) Tertiary halide 


ZnCl 
64 (i) CH,CH,CH,CH,OH + HI ——*» CH,CH, CH;CH,I 
1-butanol 1-iodobutane 


Dry acetone 
(ii) CH,CH,CH,CH,Cl + Nal ——_> 
1-chlorobutane CH,CH,CH,CHyI + NaCl 
1-iodobutane 
Peroxide 


(iii) CH,CH, CH= CH, + HBr 
But-1-ene РФ 
1-bromobutane 1-iodobutane 
65 (i) Refer to text on pages 231 and 232. 

(ii) In Sy1 reaction, reactivity depends upon the stability 
of intermediate carbocation. A secondary carbocation 
is more stable than primary carbocation. 

Cl 
Few а Д у, 
2° carbocation (more stable) 
Atha = pM 
1* carbocation (less stable) 

Former carbocation being secondary, is more stable than 

the latter being primary. Hence, it undergoes 

5 41 reaction faster. 

66 (i) CH,CH;CH;CH;CH; Br > CH, CHCH,CH,CH, 
1-bromopentane Br Ве 


(1°) 
2-bromopentane 
> Wl 2CH3 (2°) 


Сн» 
2-bromo -2-methylbutane (3°) 


3 
: Cl | 
67. () Ай + SO, f + HCIÎ (ii) CH, —CH = CH, 


| All/none | CHEMISTRY Class 1, 


(ii) CH4CH CH;CH;Br > CH,— а н 2, CH, 
| Br CH; 


CH; 
1-bromo-3-methyl 2-bromo-3-methyl butane 
butane (29 


(19 |" 
> CH, TEES a CH;—CH, 


CH; 
2-bromo-2-methylbutane (39 
(iii) CH,CH,CH,CH,Br > oF H CHBr > 
i di CH, 
1-bromo-3-methyl butane 
1° 


(1°) 


CH, CH, CHCH,Br > CU MEA 


СН» CH, 
1-bromo-2-methylbutane Ку ото-2,2-йїтетһу1ргорапе 
(19 
(19 
CH 


(iii) Refer to text on page 216. 


68 (i) Refer to text on page 229. 
H H H H 


aa a а = CH, ! H,C= E 


CH, CH, 
(ii) Refer to text on page 229 and 230. 
(iii) Refer to text on pages 227 and 228. 
69 HgCg CH H5C H 
Some’ 615 5 Ne= 4 
cis Н S trans ен; 


70 (i) (a) Refer to text on page 247. : 
(b) Refer to text on page 231. 
(c) Refer to text on page 228. 
(ii) (a) Refer to solution 226. 
(b) Refer to solution 232. 


RELATED ONLINE VIDEOS 


Visit : https;//youtu.be/QdCFwENjIOU 
OR Scanthe Code 


Visit : https;//youtu.be/eYlsgW6EFtw 
OR Scanthe Code 


Visit : https://youtu be/GXNN&DCsCg 
OR Scan the Code 


ALCOHOLS, PHENOLS 
AND ETHERS 


Alcohols and phenols are formed by replacing one hydrogen atom from a 
hydrocarbon (aliphatic or aromatic) by —OH group. They have a variety 
of applications in industry as well as in day-to-day life. The sugar we eat, 
the cotton used for fabrics, the paper we use for writing, are all made up 
of compounds having —OH groups. Similarly, ether plays an important * Alcohols and Phenols 
role in pharmacology and medicines, especially for the use of anaesthetics. * Ethers 

They are quite volatile. They are also used as solvents and plasticisers. 
This chapter includes the chemistry of these three classes of compounds, 
namely alcohols, phenols and ethers. 


ITOPIC 1| 
Alcohols and Phenols 


An alcohol contains опе or more hydroxyl group(s) (—OH), directly 
attached to carbon atom(s) of an aliphatic system (like CH4OH) while a 
phenol contains —OH group(s), directly attached to carbon atom(s) of an 
aromatic system (like C ,H,OH). 


CLASSIFICATION 


These may be classified as mono-, di-, tri- or polyhydric compounds 
depending on whether they contain one, two, three or many hydroxyl groups 
respectively, in their structures. 


(i) Monohydric Alcohols having one hydroxyl group (—OH) attached to the 


carbon atom of a compound, are monohydric. 
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e.g. | ОН 


CHOH, CH;CH,OH, 
Methanol Ethanol Phenol 
(ii) Dihydric Alcohols having two hydroxyl groups 
(— ОН) attached to the two carbon atoms of a 
compound, are dihydric. 


c.g. 
CH,—OH OH 
| | OH 
С н 2 , 
CH, —OH: Catechol 


Propane-,3-diol 
(ш) Trihydric Alcohols having three hydroxyl groups 
(— ОН) attached to the three carbon atoms ofa 
compound, are trihydric. 


c.g. OH 
CH;OH OH 
CHOH, 
Glycerol Hydroxyquinol 


Classification of Monohydric Alcohols 


Monohydric alcohols may be further classified according 
to the hybridisation of the carbon atom to which the 
hydroxyl group is attached. 


Compounds containing C ;—OH Bond 


In this class of alcohols, the —OH group is attached to a 
sp? hybridised carbon atom of an alkyl group. 

They are further classified as follows: 

Primary, Secondary and Tertiary Alcohols 

In these alcohols, the —OH group is attached to 
primary, secondary and tertiary carbon atom respectively. 


eg. —CH,OH,  5CHOH, СОН, 
Primary (1°) Secondary (2°) "Tertiary (3°) 
Allylic Alcohols 


In these alcohols, the —OH group is attached to a 


sp? hybridised allylic carbon (i.e. carbon atom next to the * 


carbon-carbon double bond). 
eg. CH,=—=CH—CH,—OH, 
Primary (1°) 
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H —C 


| | 
CH,—CH E s CH,— P — OH 


—C— = 
| nc 
Secondary (2°) ertiary (3°) 
Benzylic Alcohols 


In these alcohols, the —OH group is attached to a 
зр? hybridised benzylic carbon atom (i.e. carbon atom 
next to an aromatic ring). 


H =C 


c T | | 
oa or 


Primary (1°) Secondary (2°) Tertiary (3°) 
Compounds containing 


5р 


In these alcohols, the —OH group is attached to a 
carbon-carbon double bond, i.e. to a vinylic carbon 
(СН, = CH—) or to an aryl carbon. These alcohols are 
also known as vinylic alcohols. 


e£ CH;—CH—OH ; 
Vinylic alcohol 
OH 
OH CH; 
Phenol 2-methylphenol 


NOMENCLATURE 
For Alcohols 


The common name of an alcohol is derived from 
common name of alkyl group and adding the word 
alcohol to it. . 


e. CH;OH —> CH, (methyl group) «alcohol 


| Methyl alcohol 
In IUPAC system, the name of an alcohol is derived 
from the name of the alkane from which the alcohol is 
derive d, by replacing ‘e of alkane with the suffix ‘ol’. The 
Position of substituents are indicated by numerals. 


y cohols, Phenols and Ethers 


seeps for writing the IUPAC name of the alcohols are as 
follows: 


i) Select the longest carbon chain (parent chain) 

containing —OH group. 

(i) The selected longest chain is numbered from the end 
nearest to the hydroxyl group. | 

(ii) Replace the ‘e’ of alkane by adding suffix ‘ol’. 

(iv) The positions of the —OH group and other 
substituents are indicated by using the numbers of 
carbon atoms to which these are attached. 


(v) For naming polyhydric alcohols, the ‘e’ of alkane is 
retained and the ending or suffix ‘ol’ is added. 


(vi) Indicate the number of —OH groups by adding prefix 
like di, tri, etc., before ‘ol’. 


Common and IUPAC name of some alcohols 


Common 
Compound name IUPAC name 
CH ,OH Methyl alcohol Methanol 
CH CH ОН Ethyl alcohol, — Ethanol 
CH CH СН ОН n-propyl Propan-1-ol 
alcoho! 
OH І | 
| RT y Propan-2-ol 
CH,— CH—CH, асоло 
CH ЄН ЄН ,CH, — OH n-butyl alcohol  Butan-1-ol 
CH ,— CH— CH ,— CH Я 
j j › сес Butan-2-ol 
OH alcohol 
ro »Íso-butyl 2-methyl 
CH,— CH — CH OH alcohol propan-1-ol 
ur 
tert-butyl 2-methyl 
CH,— C— 
Hs T чп а!соһо! propan-2-0l ' 
CH, 
HOCH ,— CH —CH,OH Glycerol Prope: 2, 
| 3-trio 


OH 


Cyclic alcohols are named using the prefix cyclo and 
considering the —OH group attached to C-1. 
eg. 


OH OH 
OH СН» i 
Cyclohexanol 2-methyl cyclohexanol Cyclopentanol 
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For Phenols 


The name phenol is given to simplest hydroxy derivative 
of benzene and it is also an accepted IUPAC name. As 
the structure of phenol involves a benzene ring in its 
substituted compounds, the terms ortho 

(1, 2-disubstituted), meta (1,3-disubstituted) and para 
(1,4-disubstituted) are often used in the common names. 


CH; CH, CH; 
@ or" Q. 
OH 
OH 
Common, Phenol о-сгеѕоЇ m-cresol pawol 
name | 
IUPAC Phenol 2-тегһуі 3-methyl 4-methylphenol 
name phenol phenol 


Dihydroxy derivatives of benzene are known as 1,2, 1,3- and 
1,4-benzenediol. 


OH OH OH 
OH 
OH 


Common name Catechol Resorcinol Quinol or Hydroquinone 
IUPAC name  Benzene-l, Benzene |, « Benzene l,4diol 
2-diol 3-diol 


EXAMPLE |1| Name the following compounds 
according to IUPAC system. 
CH,OH 


(i) CH, — Gia CH CH- CH CH, 


CH, 
CH,OH 


CH,Cl 


(ii) anin CH,— бн —CH—CH, 
CH, 
OH 


OH 


(iii) 
Br 
(iv) С = CH— ү CH, —CH, — CH, 


OH 
(м) СН, — T = er CHOH NCERT Intext 
CH, Br 
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1 
CH,OH 
$ 4 3 
Sol () CH,—CH,—CH—CH—CH—CH, 


CH;CI CH, 
3-chloromethyl-2-isopropylpentan-l-ol 
"NE 
CH;OH 
E 5 4 3 J 
CH, OH 
2, 5-dimethylhexan-l, 3-diol 
OH 
1 
(iii) 2 
3 
Br 
3-bromocyclohexanol 


1 2 3 4 5 6 
(iv) H,C = SHSOH РСН Е 


он 
Hex-l-en-3-ol 


4 3^ 2 1 
(v) CH, — врн 
СН,Вг 
2-bromo-3-methylbut-2-en-1-ol 


STRUCTURES OF 
FUNCTIONAL GROUPS 
(ALCOHOLS AND PHENOLS) 

In alcohols, the oxygen atom of —OH group is attached 


to carbon atom by ao (sigma) bond which is formed by · 


overlapping of a sp? hybridised orbital of carbon with a 
sp? hybridised orbital of oxygen. 
О: 

In alcohols, the bond angle of c^ “н is 108° 9’. Due to 
the repulsion between the unshared electron pairs of 
oxygen, the bond angle in alcohols is lesser than the 
tetrahedral angle (109° 28^). 

[Lone pairs 


present in other two sp? 
orbitals of OJ 

(зрэ зрэ, C—O o-bond, 

142 pm) Ps. X Sw "60 — Н o-bond, 


ВЕ | ioo H 96 pm) 
н 


Structure of methanol 
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In phenols, the —OH group is attached to 

зр? hybridised carbon atom of aromatic ring. This C—9 

bond is formed by the overlapping of sp” orbital of 

oxygen with sp” hybridised orbital of carbon of benzene 

ring. The carbon-oxygen bond length (136 pm) in 

phenol is slightly less than that in methanol. 

This is due to 

(i) partial double bond character on account of the 

conjugation of unshared electron pairs of oxygen with 
the aromatic ring. 


(ii) sp? hybridised state of carbon to which oxygen i; 
attached. 


Lone pairs 


136 Os 
MSN 
109° 
H 
Structure of phenol 


METHODS OF PREPARATION 
Preparation of Alcohols 
These are prepared by the following methods: 


From Alkenes 
(i) By Acid Catalysed Hydration 


The term hydration refers to the addition of a molecule 
of water. Alkenes react with water in the presence of acid 
as catalyst to form alcohols. In case of unsymmetrical 
alkenes, the addition of water takes place in accordance 
with Markownikoff's rule. This rule states that negative 
part of the water molecule, і.е. ОН part gets attached to 
that carbon atom which possesses lesser number of 
hydrogen atoms. 


H* 
ZC—CZA4H,0 ==`>:с— с 


N 
| H OH 
H,C—CH—CH, +H,0 == H,C—CH—CH; 
Propene 
OH 
Propan-2-ol 


The mechanism of the hydration of alkene involves the 
following three steps: 


StepI Protonation of alkene to forma stable carbocation 
by electrophilic attack of HO". 


H,0+ H?  —3H,0* 


(From an acid) 
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MAR: 4 
/ 


HC 5 He l : 
EON d: Xu wis rcx "i C+ HjO: 
Carbocation 


step II Nucleophilic attack of water on carbocation 


H 
|1; 


S aic књб: == рен 


Step Ш Deprotonation to form ап alcohol 
H 


H 
MIB dw L dns 
-CCG A+ nÂ — cc o- Bn ng 
| Alcohol 
(ii) By Hydroboration-Oxidation 
Diborane (BH), reacts with alkenes to give trialkyl '' 
boranes as addition product which upon subsequent 
oxidation by HO, in the presence of aqueous sodium 
hydroxide give alcohols. 
CH, —CH=CH, +(Н—ВН,), — 
Propene Diborane 
CH, HGH, CH; — CH=CH ; 


CH; — CH =CH 
(CH, —CH, —CH,),BH — : 
H30 


Trialkylborane 
Propan-l-ol 

Here, the addition of borane to the double bond takes place 
in such a manner that the boron atom gets attached to the 
3p! carbon carrying greater number of hydrogen atoms. 
The alcohols seem to have been formed by the addition 
of water to the alkene in a way opposite to the | 
Markovnikov’s rule. In this reaction, alcohol is obtained 


in excellent yield. 


From Carbonyl Compounds 

(i) By the Reduction of Aldehydes and Ketones 
Aldehydes and ketones are reduced to the corresponding 
alcohols by: 


(i) addition of Н, in the presence of a finely ! 
divided catalyst like Pt, Pd, Ni or Ru metals 


(catalytic hydrogenation). 
R— CHO +H, 329 R — CH;OH 
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CH,CHO +H, ——» CH,CH,OH 


Acetaldehyde Ethanol (1?) 

(ii) complex metal hydrides such as LiAIH ,, NaBH,, 
etc. Aldehydes yield primary alcohols whereas ketones 
give secondary alcohols. 

RN 


RN NaBH, 
R — СНО — #5 R — CH;OH 
Aldehyde 1°alcohol 
H3C\ LAH, НС 
Cc=0—> CH — OH 
HC H,C”% 
Acetone Propan-2-ol (2°) 


(ii) By the Reduction of Carboxylic Acids and Esters 


Carboxylic acids are reduced to primary alcohols by 
lithium aluminium hydride, a strong reducing agent. 


R—COOH H; RCH,OH 
: (i) НО“ 


сен, зады, C,H, —CH;OH 
9159 Benzyl alcohol 

In this reaction, excellent yield of alcohols are obtained. 
However, LiAlH , is an expensive reagent and therefore, 
used for preparing special chemicals only. 
Commercially, acids are reduced to alcohols by 
converting them to esters, which on catalytic 
hydrogenation usually at high temperature and pressure 
give a mixture of two alcohols. 


А Н > / Copper chromite 
RCOOH—> gCOOR —— 
Carboxylic H* Ester уу 
acid RCH,OH + КОН 


From Grignard Reagents 
Aldehydes and ketones react with Grignard reagent to 
form alcohol in two steps. These are as follows: 
Step 1 This step involves the nucleophilic addition of 
Grignard reagent to the carbonyl group to form 
an adduct, 


Step II This step involves the hydrolysis of an adduct to 
yield an alcohol, 


ò- 4 
Ebre Mg—X— a | 
' A Adduct 
1,0 BN "e 
mdi OH * Mg(OH)X 


R 
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The overall reactions using different aldehydes and 
ketones are as follows: 


HCHO + АМЕХ —> RCH,OMgxX 229 


Formaldehyde 
RCH,OH + Mg(OH)X 
1° alcohol 


H30 


R' 
RCHO + R'MgX —À5 R—CH—OMpx - 


Re 
| 


dE. R— CH.—OH +Mg(OH)X 
co 


R' 
RCOR'+R"MgX —»5 Ry. — OMX 
R" 
R' 
H20 | 
SN багон +Mg(OH)X 


n" 


R 
3° alcohol 


Only formaldehyde yields primary alcohol on reaction 
with Grignard reagents whereas all other aldehydes and 
ketones give secondary and tertiary alcohols, respectively. 


Preparation of Phenols 

Phenols are also called carbolic acid. It was first isolated 
in the early. 19th century from coaltar. Now a days, it is 
commercially produced synthetically. In the laboratory, 
phenols are prepared from benzene derivatives. 


Phenols are prepared by the following methods: 


From Benzene Sulphonic Acid 

When benzene is sulphonated with oleum (H,S,0, 

= conc. H,SO, 4 SO,), then benzene sulphonic acid is 
formed which gets further converted to sodium 
phenoxide, on heating with molten sodium hydroxide. 
Acidification of sodium phenoxide ү m 


SO3H 
О Oleum =O NaOH ae H*/H;O Ò 


Sodium Phenol 


phenoxide 


Benzene 


B e 
ж sulphonic acid 
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From Haloarenes (Dow's Process) 
Chlorobenzene on fusion with NaOH at 623 K and 
320 atm pressure gives sodium phenoxide which on 
acidification yields phenol. 


Cl 


623 K 


+ NaOH-— im? 1320 atn ” atm 


Chlorobenzene Sodium a 


HCl 
—МаС1 


Phenol 


From Diazonium Salts 

A diazonium salt of aromatic amine (i.e. aniline) is 
formed by treating amine with nitrous acid 

(NaNO, + НСІ) at 273 К-278 К. Diazonium salts on 
hydrolysis with warm water or dilute acids give phenols. 


№ 


NaNO, + НСІ Н,О, магт 
UT mur? Qe 6 + N/f «Hd 


Aniline Benzene diazonium Phenol 


chloride 


From Cumene 


Cumene (iso-propyl benzene) on aerial oxidation form 
cumene hydroperoxide which upon subsequent hydrolysis 
with dilute acid gives phenol and propanone (acetone). 
Acetone (a by-product) is obtained in large quantities. 


p an 
CH,—CH etd ar 
Cumene Cumene hydroperoxide 

OH 
H* 
HO + CH,COCH; 
2 
Acetone 
Phenol (Propanone) 


Note Most of the world wide production of phenol is from cumene. 
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pHYSICAL PROPERTIES OF 
ALCOHOLS AND PHENOLS 


The alcohols and phenols consist of two parts: 
(i) Alkyl or aryl group and 
(i) Hydroxyl group 
Their properties are chiefly due to hydroxyl (—OH) 
roup. The nature of alkyl or aryl groups simply modify 
these properties. 
Some important physical properties are as follows : 

(i) Physical state At room temperature, lower alcohols 
are colourless liquids with distinct smell and burning 
taste. The higher members are colourless, odourless 
waxy solids. Pure phenols are either colourless liquids 
or solids and usually turn reddish-brown due to 
atmospheric oxidation. 

(ii) Boiling points The boiling points of alcohols and 
phenols increase with increase in number of C-atoms 
(due to increase in van der Waals’ forces). 

In alcohols, the boiling point decreases with increase 
of branching in carbon chain because of decrease in 
van der Waals’ forces with decrease in surface area. 
The —OH group in alcohols and phenols is involved 
in intermolecular hydrogen bonding or H-bonding 
due to which they exist as associated molecules and 
hence, have higher boiling points. 


+ S  à* $- 8+ & 
H—04--H—O -;-H—Q --- 


| | | 
R R R 
H-bonds : 


Boiling points of alcohols and phenols are usually 
higher in comparison to hydrocarbons, ethers, 
haloalkanes and haloarenes of comparable molecular 
masses, This is mainly due to the presence o 
intermolecular H-bonding in them which is absent in 
ethers and hydrocarbons. 

C,H,OH 

Ethanol 


CH,OCH, 
Methoxy methane 
Molecular mass = 


Me mae Boiling point =248 K 


Boiling point = 351 К 
CH,CH,CH; 
Propane 
Molecular mass = 44 
Boiling point = 231 
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(iii) Solubility The solubility of alcohols and phenols in 
water is due to their ability to form H-bonds with | 
water molecules. Solubility decreases with increase in 


size of alkyl/aryl (i.e. hydrophobic) groups. However, 


solubility of isomeric alcohols increases with 
branching due to decrease in surface area of 
hydrophobic part. Many lower molecular mass 
alcohols are miscible with water in all proportions. 


H-bonding between alcohol and water molecules 


CHEMICAL REACTIONS OF 
ALCOHOLS AND PHENOLS 


Alcohols are versatile compounds. They react both as 
nucleophiles and electrophiles in the following manner. 


(i) The bond between O—H is broken when alcohol 
reacts as nucleophiles. 


H 


R—Ọ—H +SC* —> к—о—С— 


=i ю—б—Сс—ын* 


(ii) The bond between C—O is broken when alcohols 
react as electrophiles. 
R—CH,—OH+H*—> perlite Bem 
EN iis *H;O 


Based on the cleavage of O— Н and C = O bonds 
the reactions of alcohols and phenols may be divided 
into following two groups : | 


(a) Reactions Involving Cleavage 
of O—H Bond 


Some typical reactions of alcohols and ph А А 
the cleavage of O—H bond are as ТАЛЫН involving 
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Acidity of Alcohols and Phenols 


Reaction with Metals 


Alcohols and phenols react with active metals like 
Na, K, Al to produce corresponding alkoxides or 
phenoxides with the evolution of hydrogen gas. 
2R—O—H +2Na —> 2R—ONa «Hj 
Sodium alkoxide 
2CH, —CH,—OH +2Na —> 
Ethyl alcohol = 4 
2СН; —CH,—ONa+H,? 
Sodium ethoxide 
6(CH,),C—OH +2Al —> 
tert-butyl alcohol 2[(CH, j СО)» Al + 3H,Î 


Aluminium tert-butoxide 


- + 


OH ONa 
(ОЛ + 2Na —2 ОГ + HoT 


‚ Phenol Sodium phenoxide 


In addition to this, phenols react with aqueous NaOH to 


form sodium phenoxides. 
OH ONa 
Sodium 


phenoxide 
All the above reactions show that alcohols and phenols 
are acidic in nature. Actually, alcohols and phenols are 
Bronsted acids, i.e. they can donate a proton to a 
stronger base (B:). 


[~N i Е 
ван Ӧк вн + :Ö—R 
Ваѕе Ааа Conjugate Conjugate 
acid base 
Acidity of Alcohols 


Polar nature of O—H bond is responsible for the acidic 
nature of alcohols. An electron releasing group 

(alkyl group) increases electron density on oxygen tending 
to decrease the polarity of O—H bond, which decreases 
their acidic strength. Thus, acidity of alcohols decreases 
in the following order: 


R 
RM CH— OH >> Rk 
RŽ (2° alcohol) 


C— OH 


R- СН, — ОН > -= 
R (3° alcohol) 


(1°alcohol) 


However, alcohols are weaker acids than water. Water is a 
better proton donor than alcohol. This can be illustrated 
by the reaction of water with an alkoxide. 
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Conversely, alkoxide ion is a better proton acceptor than 
hydroxide ion. In other words, alkoxides are stronger 
bases than hydroxide ion, i.e. sodium ethoxide is а. 
stronger base than sodium hydroxide. 


R—O:+ H—Ó—H —oR—O—H YOH 
Base Acid eis an 


acid Conjugate base 


In the presence of strong acids, alcohols act as Bronsted 
bases because they can accept a proton from strong acids 
to form protonated alcohols. It is due to the presence of 
unshared electron pairs on oxygen, which makes them 


proton acceptors. +H 
ee 7 РЧ 
R—O—H+H,SO,—> Р—0<, + HSO; 
As Acid H 
asc Protonated 
alcohol 


Acidity of Phenols 

The reactions of phenol with metals such as Na, Al and 
sodium hydroxide indicate its acidic nature. In phenol, 
—OH group is directly attached to sp” hybridised 
carbon of benzene ring which acts as electron 
withdrawing group. 

Due to this, the lone pairs of electrons of — OH are 
involved in resonance with C-atom of benzene ring. 
This delocalisation of electrons (or resonance) can be 
represented as: 


co-H p= :O—H 


н *'OH O-H 
GOO | 
m [> 
RS — => 
18:4 


Due to resonance, the oxygen atom acquires a partial 
positive charge. This weakens the O—H bond and thus 
facilitates the release of a proton. As a result, phenols 
behave as Bronsted acids. The reaction of phenol with 
aqueous NaOH indicates that phenols are stronger acids 
than alcohols. It is because the phenoxide ion left after 
the release of a proton is stabilised by resonance but not 
the alkoxide ion. 


R-G—H ==> R—Or+ Ht 


Alcohol Alkoxide ion 
(not stabilised by resonance) 
OH oF 
== +H* 
Phenol 


Phenoxide ion 


I 
{ 
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sonance in Alkoxide and Phenoxide Ions 


koxide ion, the negative chatge is localised on oxygen 
m in phenoxide jon, the charge is delocalised. The 
4 ocalisation of negative charge makes phenoxide ion more 
e and favours the ionisation of phenol. However, 
jt nol is less stable than phenoxide ion because its 
esonance structures have charge separation. Phenoxide ion 


exists as à resonance hybrid of the following structures: 


In substituted phenols, presence of electron withdrawing 
groups such as — NO, group increases the acidic strength of 

henol. All nitrophenols are more acidic than phenol. This 
effectis more pronounced when — NO, group (electron 
withdrawing group) is present at ortho and para positions. 
Therefore, ortho and para-nitrophenols are more acidic 
chan meta-nitrophenol. It is due to the effective 
delocalisation of negative charge in phenoxide ion. 
o-nitrophenol is slightly less acidic than p-nitrophenol 
due to intramolecular H-bonding which makes loss of a 
proton more difficult. | 

О, «— Intramolecular 

SN Н H-bonding 


| 
Ó 


O 


Presence of electron releasing groups such as alkyl groups 
in substituted phenols do not favour the formation of 
phenoxide ion resulting in decreasing the acidic strength. 
That's why, cresols are less acidic than phenol. 

Further, greater the number of electron withdrawing 
group at o- and p-positions, more acidic is phenol. 


pK, values of some phenols and ethanol 


Compound Formula pK _ 
o-nitrophenol o-0N—Cdl, —OH 72 - 
m-nittophenol т -ON—CH,—OH — — 83. 
p-nitrophenol p-ON—CH,—OH — — M. 
Phenol C m — Он ; 100 
oce —  0-Ch-C 0H 2 _ 
 m-cresol m m-CH,— Cd —OH . .101; 
pecresol pO - C -O We 
Ethanol NE: HOH 16.9 


Note From the above table, it is clear that phenol is million times 


More acidic than ethanol. 
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Esterification 


Alcohols and phenols react with carboxylic acids, acid 
chlorides and acid anhydrides to form esters. 


(R’ =alkyl or aryl group) 


H’ , 
R—COOH + R'—OH => R—COOR’ -H;O 
Carboxylic acid Alcohol Ester 


ні 

(R—CO),0 + —OH == #—СОО#' 
. s eT 

Acid anhydride + R—COOH 


Both the above reactions are carried out in the presence 
of conc. H,SO,. The reaction is reversible and hence 
water is removed as soon as it is formed. 
Reaction with acid chloride is carried out in the presence 
of pyridine (base) so as to neutralise НСІ which is formed 
during the reaction. It shifts the equilibrium towards 
right hand side. — . | 
R—COCI+R’—OH ——> R—COOR’ «HC 
Acyl chloride ^^ Alcohol Ester 
The introduction of acetyl (CH,;CO—) group in 
alcohols or phenols is known as acetylation. Acetylation 
of salicylic acid produces aspirin. 


OH 
COOH 
+ (CH3CO),0 $> 
Salicylic acid OCOCH; 
COOH 
+ CH;COOH 
Acetylsalicylic acid 
(Aspirin) 


Note Aspirin possesses analgesic, anti-inflammatory and antipyretic 
properties. 

(b) Reactions Involving Cleavage 
of (C—O) Bond 


The reactions involving cleavage of C—O bond takes 


place only in alcohols. Phenols sh dh 
only with Zn. s show this type of reaction 


Reaction with Hydrogen Halides 
Alcohols react with hydrogen halides to form alkyl halides. 
ROH *H—X — R—X «H,O 


Alcoh 
ida Alkyl halide 
C;H,OH «Hc ree 
Ethanol na, С›Н,С! «HO 
Ethyl chloride T 
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The difference in reactivity of three classes of alcohols 
with conc. НСІ distinguishes them from one another. 
This is called Lucas test. 

Alcohols are soluble in Lucas reagent (conc. 

HCl + ZnCl,) while their halides are immiscible and 
produce turbidity in solution. Tertiary alcohols produce 
turbidity immediately as they form halides easily. 
Secondary alcohols produce turbidity after 5 minutes, 
while primary alcohols do not produce turbidity at room 
temperature. 


Reaction with Phosphorus Trihalides 
Alcohols are converted to alkyl halides by reaction with 
phosphorus trihalides. 

3R—OH «PX, —> 3R—X +H,PO, (X =Cl,Br) 
Dehydration : 


Alcohols undergo dehydration (i.e. removal of a molecule 
of water) to form alkenes on treatment with a protic acid 
such as H,SO, or H;PO,or catalysts such as anhydrous 
ZnCl, or Al,O,. | 

| | 


т 
—C—C——> 2C-C( «HO 


H OH 
Ethanol undergoes dehydration by heating with 
conc. H,SO, at 443 К 


Conc. H;SO 
CH, — CH,OH —7 95 CH;—CH, *H;O 
Ethyl alcohol ч Ethylene 
(1° alcohol) 


Secondary and tertiary alcohols are dehydrated under 
mild conditions, 
OH 


| 85% H PO, 


Propylene 
H 

iso-propyl alcohol 
(2°) 


CH, 


| 20% H3 PO, 
CH; AF СН; увк 


CH, 


| 
2-methylpropene 
OH 
tert-butyl alcohol 
(3°) 
Order for ease of dehydration is: 
3° alcohol > 2? alcohol > 1° alcohol. 
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Mechanism 


The mechanism of dehydration of ethanol involves m 
following steps: 


Stepl Formation of protonated alcohol 


H H 
| | а к Fast 
Sg чө телүү, + H* 


H-H H 
3 а | | А 
н—С—С—О—н 


Protonated alcohol 
(Ethyl oxonium ion) 
Step П Formation of carbocation 


It is the slowest step and hence, it is the rate 
determining step of the reaction. 


H H H H H 
[| |, Slow p: ^i 
Y. | | 
HH H H 
Carbocation 


Note 


Tertiary carbocations are more stable and therefore, are easier to 
form than secondary and primary carbocations. Tertiary alcohols are 
the easiest to dehydrate. 


Step III Formation of ethene by the elimination of a 


proton 
H H 
КЩ H H 
У BN "á + 
H—C—C == С=С +H 
m H^ МН 
H H Ethene 


The acid used in step I is released in step M. 
To drive the equilibrium to the right, ethene is 
removed as it is formed. 


Oxidation 


Oxidation of alcohols involves the formation of C=O 
bond with the cleavage of an O—H and C—H bonds. 


H—C—O—H—> С=О 
^ | t 


Bond breaking 


This reaction involves the loss of H 2 molecule from an 
alcohol molecule, therefore these reactions are known 2$ 
dehydrogenation reactions. Depending upon the 

oxidising agent used, a primary alcohol is oxidised to 21 
aldehyde which in turn is oxidised to a carboxylic acid. ` 


кой, Phenols and Ethers 


[0] 
—0H ————_» 
CH; —CH, KCr.07/H 0, 


frhanol [0] 
CH,CH—0 —} CH,COOH 
Acetaldehyde Acetic acid 


ag oxidising agents are used to get carboxylic acids 
a alcohols directly. CrO,in anhydrous medium is 
nedas a oxidising agent for the isolation of aldehydes. 


Сг 
RCH,OH ——» RCHO 
1° alcohol Aldehyde 


idinium chlorochromate (PCC) is a complex of 
chromium trioxide with pyridine and HCI. This reagent 
x used for the oxidation of primary alcohols to aldehydes. 


cH, -CH=CH—CH,OH =, | 


CH, —CH=CH—CHO 
dary alcohols are oxidised to ketones by chromic 


Secon 
anhydride (СгО, ): 
хари OS AN eg 
а =i И 
2° alcohol Ketone 


y alcohols do not undergo oxidation reaction. But in the 
presence of strong oxidising agents such as acidified 
K,Cr,0, and acidified KMnO; and at elevated 
temperatures, cleavage of various C—C bonds takes place. 
As a result, a mixture of ketone and an acid, each 
containing lesser number of carbon atoms than the 
original alcohol is obtained. 


CH, CH; 


CH,—C—OH—L CH,—C=CH; 
-HjO 


CH 
з 9, CH,COCH; +НСООН 


HCOOH - 9, H,0+C0;37 


Action of Heated Copper 

ary or secondary alcohol are 
573 K, dehydrogenation 
ketone is formed while 
form alkenes. 


Vhen the vapours of a prim 
Tis over heated copper at 
| © place and an aldehyde or a 
*rtiary alcohols undergo dehydration to 


R—CH,—OH “> R—CHO «HT 


АЕ 
Re: R 
\ Cu N =0+H 1 
/CH—0H Are у г" 


2? alcohol 
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CH, 


| “| 
CH, —C—CH, — CH; —C=CH, +H,0 
2-methylpropene 


3? alcohol 


о used to 


Note Reactions of alcohol with copper are als 
ary alcohols. 


distinguish between primary, secondary and terti 


Exclusive Reactions of Phenols 


Following reactions are shown by phenols only: 


Electrophilic Aromatic Substitution 

Phenols undergo electrophilic aromatic substitution 
reaction readily because —OH group attached to the 
benzene ring activates the benzene ring towards 
electrophilic substitution. Further, it directs the incoming 
group to ortho and para positions in the ring as these 
positions become electron rich due to the resonance 
effect. Common electrophilic aromatic substitution 
reactions taking place in phenol are: | 


(a) Nitration 
With dilute HNO, at low temperature, i.e. 298K, phenol 
yields a mixture of ortho and para nitrophenols. 


> OH OH OH 
@ © oni 
Dil. HNO; 
————ә + 


Phenol o-nitrophenol 
NO, 


p-nitrophenol 


The ortho and para isomers can be separated by steam 
distillation. o-nitrophenol is steam volatile due to 
intramolecular H-bonding while p-nitrophenol is less 
volatile due to association of molecules by intermolecular 


H-bonding, 


o-nitrophenol (Intramolecular H-bonding) 


но (О) 
| оно (0))- 


p-nitrophenol (Intermolecular H-bonding) 


О 
NA . 
О--= 
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With conc. HNO,, phenol gives 2,4,6-trinitrophenol 
which is commonly known as picric acid. The yield of 
the reaction product is poor. 


OH OH 


ON 


Conc. HNO; NO; 
— 


Phenol 
, NO, . 

2,4,6-trinitrophenol (Picric acid) 
Note 2,4,6-trinitrophenol is a strong acid due to the presence 
of three electron withdrawing -МО» groups which facilitate the 
release of hydrogen ion. 
Now a days, picric acid is prepared by first treating 
phenol with conc. H,SO, at 373 K to form 
phenol-2,4-disulphonic acid and then with conc. 
HNO, to get picric acid. 


OH OH 
SO)H 
Conc. Н›$О, 
373K 
Phenol 
SOH 
Phenol-2,4-disulphonic acid 
OH 
O,N NO, 
Conc. HNO,, A ! 
Nitration with 
desulphonation 
NO, 
Picric acid 
Halogenation 


When phenol is treated with bromine, different 
reaction products are formed under different 
experimental conditions. These are as follows: 

• When bromination is carried out in solvents of 
low polarity such as CHCl, or CS, at low 
temperature, monobromophenols are formed. In 
the presence of non-polar solvents, ionisation of 
phenol is greatly suppressed and ring is activated 
slightly at 1,4 positions. This results in the 
formation of monosubstituted product only. 


OH OH OH 
Br 
+ 
Вг 


(Мїпог) 
(Major) 


Br; in CS, 
с=з 
273 K 
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Usually, halogenation of benzene is carried out in 
presence of Lewis acid which polarises the halogen mok 
But in case of phenol, polarisation of Br, molecul, 
place even in the absence of Lewis acid because of the highly 
activating effect of —OH group. 
* When phenol is treated with bromine water, 
2,4,6-tribromophenol is formed as white precipitate. 


OH OH 
| Вг Вг 
3Br;//H;O + 3HBr 
Br 


Phenol 
2,4,6-tribromophenol 
(White ppt) 


Kolbe's Reaction 


` Phenoxide ion produced by treating phenol with NaOH is 


more reactive than phenol towards очо е аготайс 
substitution. Hence, it undergoes electrophilic substitution with 


weak electrophile, CO}. 
o-hydroxybenzoic acid is formed as the main product. 


OH OH 
(i) NaOH COONa 
(ii) CO; 
uec 
OH 
н. 


Sodium salicylate 
Acidification 


COOH 


2-hydroxybenzoic acid 
(Salicylic acid) 


Reimer-Tiemann Reaction 

On treating phenol with CHCI, (chloroform) in the presence of 
sodium hydroxide, a —CHO group is introduced at ortho 
position of benzene ring, This reaction is called Reimer-Tiemann 
reaction. In this reaction, electrophile is dichlorocarbene (2: СС1,). 
The intermediate substituted benzal chloride is hydrolysed in 
the presence of alkali to produce salicylaldehyde. 


OH ONa 
(i) CHCl, EX NaOH 
Phenol | Intermediate 
ONa OH 
CHO CHO 


Salicylaldehyde 


Alcohols; Phenols and Ethers 


action of Phenol with Zine Dust 
| is converted to benzene on heating with zinc dust, 


OH 


Re 
pheno 


+Zn — + ZnO 


Phenol Benzene 


Oxidation 
Oxidation of phenol with chromic acid produces a 
conjugated diketone known as benzoquinone. 


OH O 
(I) NayCr,O7 и 
@ (ii) HySO, : О: H,0 
| О 


Benzoquinone 


In the presence of air, phenol undergoes oxidation and 
gives dark-coloured mixtures containing quinones, 


USES OF PHENOLS 


Phenols are used as an antiseptic and disinfectant in soaps, 
in making of drugs, azo dyes, as a preservative for inks, in 
the manufacturing of picric acid which is used as an 
explosive. rw 


SOME COMMERCIALLY 
IMPORTANT ALCOHOLS 


Methanol and ethanol are some of the commercially 
important alcohols. These are discussed below: 


(a) Methanol (CH,OH) 


It is also known as ‘wood spirit’, as i 
the destructive distillation of wood. 


t was produced by 


Preparation 

Now-a-days, methanol is produced by the catalytic 
hydrogenation of carbon monoxide at high pressure and 
temperature in the presence of ZnO - СО» catalyst. 


ZnO- Сп0» CH, —OH 
3 
CO 42H 2 200 -300atm Methyl alcohol or methanol 
575 -673 K 
Properties 


th a boiling point of 
d ingestion of 
blindness and 


Methanol is a colourless liquid wi 
337 К, It is highly poisonous 1n nature an y 
even small quantities of methanol can caus 


arge quantities cause even death. 
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Uses 


It is used as a solvent in paints, varnishes and in 
formaldehyde formation, as an antioxidant. 


(b) Ethanol (C,H OH) 
Ethanol is a volatile, flammable, colourless liquid having 
chemical formula С,Н,ОН. 


Preparation 


It is obtained commercially by the fermentation of s 
LI y LI . 
present in molasses, sugarcane ог fruits like grapes. 


сно 4 HO, C.H,,0, + CHO, 
21229 tH 611206 + “6 


Sucrose Glucose Fructose 
Z 
CHO, — = 2C HOH +2C0, T 
Glucose Ethanol 


or Fructose 
Fermentation takes place in anaerobic conditions, i.e. in 
the absence of air. Carbon dioxide is released during 
fermentation. If air gets into fermentation mixture, the 
oxygen of air oxidises ethanol to ethanoic acid which 
destroys the taste of alcoholic drinks. 


Properties 

It is a colourless liquid with boiling point of 351 K. It is 
harmful for central nervous system. It can affect 
judgement, can cause nausea, loss of consciousness and 
can be fatal. 


Uses 

It is used as a solvent in paint industry and in wine 
making. 10096 ethanol is called absolute alcohol. 
Commercial alcohol is made unfit for drinking by 
mixing in it some copper sulphate (to give it colour) and 
pyridine (a foul smelling liquid). It is known as 
denaturation of alcohol. Now a days, large quantities of 
ethanol are obtained by the hydration of ethene. 


Note Absolute alcohol is 100% ethanol that is prepared from 
rectifiod spirit (ethanol) by azeotropic distillation. 


Physiological Effect of 
Methanol and Ethanol 


Many times alcoholic drink ethanol is mixed with 
methanol (denatured alcohol) that can cause blindness 
and death. In the body, methanol is oxidised first to 
methanal and then to methanoic acid. 


The affected. patient is treated by giving intraveno 
infusions of diluted ethanol. The enzyme respo ibl 
oxidation of aldehyde (HCHO) to acid is а р for 
gives time to kidneys to excrete methanol amped that 


TOPIC PRACTICE 1| 


OBJECTIVE Type Questions 


1. 


Which of the following alcohol contains 
SI OH bond? 


(a) Allylic alcohol 
(c) Phenols 


(b) Vinylic alcohol | 
(d) None of these 


Give IUPAC name of the compound given below. 
а as Has СН СН, 


OH 
(a) 2-chloro-5-hydroxyhexane NCERT Exemplar 
(b) 2-hydroxy-5-chlorohexane 
(c) 5-chlorohexan-2-ol 
(d) 2-chlorohexan-5-ol 
IUPAC name of m-cresol is ......... . NCERT Exemplar 


(a) 3-methylphenol 
(b) 3-chlorophenol 
(c) 3-methoxyphenol 
(d) benzene-1, 3-diol 


How many alcohols with molecular formula 
C,H,90 are chiral in nature? NCERT Exemplar 

(a) 1 (b) 2 (с) 3 (d) 4 
CH;CONH, on reaction with NaOH and Br, in 
alcoholic medium gives Delhi 2020 
(a) CH,CH,NH, (b). CH,CH,Br 

(c) CH,NH, (d) CH,COONa 
The process of converting alkyl halides into 
alcohols involves ........ « NCERT Exemplar 
(a) addition reaction 

(b) substitution reaction 

(c) dehydrohalogenation reaction 

(d) rearrangement reaction 


Phenol is less acidic than ........ 4 
(a) ethanol (b) o-nitrophenol 
(c) o - methylphenol (d) o - methoxyphenol 
СН:СН,ОН can be converted into CH3CHO by 
—— NCERT Exemplar 
(b) treatment with LiAIH, 
(c) treatment with pyridinium chlorochromate 
(d) treatment with KMnO, 


NCERT Exemplar . 


VERY SHORT ANSWER Type Questions 


2. 


10. 


11. 


12. 


1З. 


14. 


The boiling points of alcohols are higher than 
those of hydrocarbons of comparable masses 
due to CBSE SQP (Term D 
(a) hydrogen bonding 

(b) ion - dipole interaction 

(c) dipole- dipole interaction 

(d) van der Waals' forces 


Lower molecular mass alcohols are 
CBSE SQP (Term D 
(a) miscible in limited amount of water 
(b) miscible in excess of water 
(c) miscible in water in all proportions 
(d) immiscible in water 


Phenol does not undergo nucleophilic 
substitution reaction easily due to 
CBSE SQP (Term) 
(a) acidic nature of phenol 
(b) partial double bond character of C—OH bond 
(c) partial double bond character of C—C bond 
(d) instability of phenoxide ion 


What would be the reactant and reagent 
used to obtain 2, 4-dimethyl репїап-3-о1? 
CBSE SQP (Term І) 
(a) Propanal and propyl magnesium bromide 
(b) 3-methylbutanal and 2-methyl magnesium iodide 
(c) 2-dimethylpropanone and methyl magnesium iodide 
(d) 2-methylpropanal and iso-propyl magnesium iodide 


o-hydroxy benzyl alcohol when reacted 
with PCI, given the product as (IUPAC name) 
CBSE SQP (Term!) 
(а) o-hydroxy benzyl chloride 
(b) 2-chloromethylphenol 
(c) o-chloromethylchlorobenzene 
(d) 4-hydroxymethylphenol 
Which of the following reagents will not convert 
ethyl alcohol into ethyl chloride? 


(a) PCI; CBSE 2021 (Term I) 
(b) NaCl 

(с) SOC, 

(d) HCl /ZnCI, 


penol on being heated with concentrated H.SO, 
f xd then with concentrated НКО, gives 
CBSE 2021 (Term 1) 
0 -nitrophenol 
p 4, é-trinitrophenol 
(©) p-nitrophenol 
(д m-nitrophenol 
" A compond (X) with the molecular formula 
O can be oxidised to another compound (Y) 
whose molecular formula is СНО). The 
compound (X) may be .CBSE 2021 (Term I) 
i) CHCH — 0 —CHs | 
(b) CH; с and 


OH 
(СН —CH, —CH,—OH 
(à) CH; —CH, —CHO 
{7, Arrange ће following compounds in decreasing 


order of their acidic character 
CBSE 2021 (Term I) 


OH OH OH 


CH3 H 3 
(1) (II) (Ш) 
(a) II > I > Ш 
(b) 1 >I >1 
(c) III » I » II 
(d)I» II > III 
18. Write the IUPAC name of the following compound. 
Best = f — CH,— OH 


CH, Br All India 2017 
9, Name the alcohol that is used to make the 
following ester: 
| 
CH, —C—O— m —CH; 


CH3 All India 2014 C 
20 


Of the two hydroxy organic compounds, ROH 
and R'OH, the first one is basic and other one 


is acidic in behaviour. How is R different from 
К? Delhi 2013 


02 ll ; 
L Give the order of dehydration for primary, 
Secondary and tertiary alcohols. 
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protonation 


22, Why do phenols not give the 
All India 2008 


reaction readily? 
23. Suggest a reagent for the following conversion: 
| О 
— 
E ` 
ueh NCERT Exemplar 


d in the Reimer- 


24. Write the equations involve 
2013; Delhi 2014 


Tiemann reaction. All India 2019, 


SHORT ANSWER Type I Questions 


25. Give reason: 
Phenols boil at higher temperature than 
haloarenes of comparable molecular mass. 


26. Both methanol and phenol have an — OH 
group but the dipole moment of methanol 
(1.71 D) is higher than that of phenol (1.54 D). 


Why? 


‘97. How will you convert 
(i) propene to ргорап-1-01? 
(ii) ethanal to propan-2-ol? Delhi 2013 
28. How do you convert the following? 
(i) Propan-2-ol to 2-methylpropan-2-ol 
(ii) Aniline to phenol Delhi 2015 


29. Show how are the following alcohols prepared 
by the reaction of a suitable Grignard reagent on 


methanal? 
s CH,OH 


(i) CH— id CH,OH (ii) 
CH; 
All India 2019, NCERT Intext 


30. When 3-methylbutan-2-ol is treated with HBr, 
the following reaction takes place: CBSE SQP 2021 
Br 
CH,— CH —CH—CH, HB, CH, — C-—CH,—CH, 
CH, OH | 
' CH, 


Give a mechanism for this reaction. 


31, Out of 2-chloroethanol and ethanol, which one 
is more acidic and why? NCERT Exemplar 


32. Explain why is ortho-nitrophenol more acidic 
than ortho-methoxyphenol? NCERT; All India 2012 
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33. Ortho and para-nitrophenols are more acidic than 
phenol. Draw the resonance structures of the 
corresponding phenoxide ions. NCERT Intext 


Or Explain why p-nitrophenol is more acidic than 


phenol? 
34. Give reason for the following: 
(i) Phenolis more acidic than methanol. 
(ii) The C— O — H bond angle in alcohols 


is slightly less than the tetrahedral angle , 
(109° 28) All India 2015 


35. (i) Arrange the following compounds in the 
increasing order of their acidic strength: 


p-cresol, p-nitrophenol, phenol 
(ii) Write the mechanism (using curved arrow 
notation) of the following reaction. 


CH; = CH, -E cH CE FLO 
All India 2017 


Write the mechanism of acid dehydration of 
ethanol to yield ethene. NCERT 


Or Explain the mechanism of the following 


reaction: 
All India 2013 


36. 


37. Write the mechanism of the following reaction: 


CH,CH,OH -#®› CH,CH;Br-4 H;O 
All India 2014 


Why is the reactivity of all the three classes of 
alcohols with conc. HCl and ZnCl, 
(Lucas reagent) different? NCERT Exemplar 


Give equations of the following reactions. 
_ (i) Oxidation of propan-1-ol with alkaline 
KMnO, solution. 
(ii) Bromine in CS; with phenol. 
(iii) Dilute HNO, with phenol. 
(iv) Treating phenol with chloroform in the 
presence of aqueous NaOH. 


38. 


39. 


NCERT 


How will you convert the following? 
(i) Propan-2-ol to propanone 
(ii) Phenol to 2, 4, 6-tribromophenol 
Explain how does -OH group attached to a 
carbon of benzene ring activate it towards 
electrophilic substitution? NCERT 
Explain the following with an example. 
(i) Kolbe's reaction 


(ii) Reimer-Tiemann reaction 
All India 2019, NCERT; NCERT Intext 


Delhi 2013 


42. 
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43. Describe the chemical test to distinguish 


between ethanol and phenol. 
All India 2010 C, 2009; Delh/ 2008 c 


SHORT ANSWER Type II Questions 


44. Classify the following as primary, secondary ang 
tertiary alcohols. 
rre 
(i) CH; —c— CHOH (ii) HjC — CH— CH,oH 
CH, 
(iii) CH,— CH, — CH;—OH 
d 


Мн 


ын, 
(iv) Co 
CH-—CH-—C-—OH 
“7 


CH3 
45. Give the structures and IUPAC names of 


monohydric phenols of molecular formula 
С,Н,0. NCERT 


46. Synthesise the following. 
(i) Butene to butanol 
(ii) 1-chloropropane to propan-1-ol 
(iii) Benzoic acid to benzyl alcohol 


NCERT Intext 


47. Draw the structure of the products of the 
following reactions. 


H /H 
Ню /H. 


(i) CHy— CH =CH, 
О 


CHi-g-0CHs „Марш, 
(ii) 


(ш) CH, CH, —fH—cHo = 
CH; 


48. Show how will you synthesise 
(i) 1-phenyl ethanol from a suitable alkene? 
(ii) cyclohexyl methanol using an alkyl halide by 
an S42 mechanism? 
(iii) pentan-1-ol using an alkyl halide? NCERT 


NCERT Intext 
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j pols phenols and Ethers 
со , 


55. (i) Show how would you synthesise the following 


redict the major product of acid catalysed 
| | alcohols from alkenes? 


p. dehydration of 


ү ]-methyl cyclohexanol І би 
NCERT Intext (a) oH МММ 


(ii) butan-1-0l 


| ; А à 
0. Name the reagent » the following reactions. Он | 
(i) Oxidation of primary alcohol to a carboxylic | (с) Am (d) OH 
acid. 
ji) Oxidation of primary alcohol to an. , (ii) While separating a mixture of ortho and para 
aldehyde. | "  mitrophenols by steam distillation, name — 
(ii) Br omination of phenol to the isomer which will be steam volatile. Give 
24,6-tribromophenol. reason. NCERT 
(iv) Benzyl alcohol to benzoic acid. 56. (i) When 3-methylbutan-2-ol is treated with HBr, the 
(у) Dehydration of propan-2-ol to propene. following reaction takes place: 
:) Butan-2-one to butan-2-ol. NCERT HB 
w CH,— CH—CH—CH, —> 
5, Give the structures of the products you would | | 
expect when each of the following alcohol reacts CH; OH T 
with 
; А p — CH 
(i) HCI-ZnCl, | CH; T UH uH 
(ii) HBr and CH, 
Gi) Sod; i Givea mechanism for this reaction. 
baa? | (ii), What is meant by hydroboration-oxidation 
(b) 2-methylbutan-2-ol reaction? Illustrate it with an example. ':NCERT 
5), How may be the following transformation 57. (i) How are the following conversions carried out? 
carried out (in not more than six steps)? Ethyl (a) Propene > Propan-2-ol Delhi 2013 
alcohol to vinyl acetate. (b)Benzylchloride—» Benzyl alcohol ^ Delhi2010 
3. Draw the structure and name the product - (c) Ethyl magnesium chloride > Propan-1-ol 
Delhi 2010 


formed if the following alcohols are oxidised. 
(d) Methyl magnesium bromide > 2-methyl 


Assume that an excess of oxidising agent is 
used. Delhi 2012 propan-2-ol. Delhi 2010; NCERT 
: (ii) Explain why propanol has higher boiling point 
(i) CH,CH;CH,CH;OH than that of butane? NCERT 
ii) butan-2- 
ш ipa $ japanio 58. (i) Explain with reason: 
у!-ргор (a) Presence of electron withdrawing group 
LON GA à increases the acidic character of phenol. 
1estions " 
d и NSWER Туре Qu ee (b) SOUS of олон in water decreases with 
. (i) Draw the structures of all isomeric alco i ncrease in molecular mass. 
molecular formula C;H0 and give their IUPAC (c) Phenol is more acidic than ethanol, 
_ names. (ii) How would you obtain 
(ii) Classify the isomers of alcohols in mhe Ан (а) picric acid from phenol? 
: R nd tertia t 
question as primary, secondary 2 NCERT (b) 2-methyl propanol from 2-methyl propene? 


alcohols. 


1. 


5. 


| HINTS AND EXPLANATIONS | 


(a) Allylic alcohol, CH, —CH — CH,0H 


4 
sp? 
Vinyl alcohol, CH 5 m — OH 
2 
Phenol, *P 
М он 
(с) 


6 5 4 3 2 1 
СІ он 
The correct IUPAC name of the compound is 


5-chlorohexan-2-ol. 
Hence, option (c) is the correct answer. 


(a) The structure of m-cresol is 
CH; 


m-cresol 
IUPAC name is 3-methylphenol because — OH is the 
functional group and the methyl is substituent. 


(а) The three isomers of butanol are possible but only 
one possess chiral centre. . 


(i) CH,CH;CH,CH,OH (ii CH, CH, —CH— CH, 
Butan -1-ol 
"^ OH 
CH, Butan -2-ol 


(iii) пие чн; 


он 
ada! (=r -2-ol 
(c) An amide on reaction with NaOH and Br, in alcoholic 
medium gives primary amines containing one carbon 
less than the starting amide. This reaction is called as 
Hoffman-Bromamide reaction. Complete reaction is as 
follows: 
CH4CONH; + Br; + NaOH 


Acetamide 


Ethanolic solution of 


NaOQH/KOH CH,NH, 
Methyl amine 
(b) The process of converting alkyl halides into alcohols 
involves substitution reaction. 


98 R-OH 


Alkyl halide Alcohol 


7. 


11. 


12. 


13. 


14. 


15. 


16. 


(Б) In o-nitrophenol, nitro group is present at ortho 
position. Presence of electron withdrawing group at 
ortho position increases the acidic strength. On the Other 
hand, in o-methylphenol and in o-methoxyphenol, 
electron releasing group (— CH,, — ОСН, ) are 
present. 

Presence of these groups at ortho or para positions of 
phenol decreases the acidic strength of phenols. So, 
phenol is less acidic than o - nitrophenol, 


. (с) Ethanal (CH,CHO) is an oxidised product of ethanol, 


Pyridinium chlorochromate (C,H, МНСІСг O,) oxidises 
primary alcohols to aldehydes. It stops reaction at the 
aldehydic stage. Strong oxidising agents such as KMnO А 
are used for getting carboxylic acid from alcohols. 


CH,CH,OH —— CH,CHO 
Ethanol Ethanal 
(a) Alcohols form intermolecular hydrogen bonds, that's 
why their boiling points are higher. 
(c) Lower molecular mass alcohols are able to form 
hydrogen bonds with water. Thus, are miscible in all 
proportions. 
(b) Phenol does not undergo nucleophilic substitution 
reaction easily due to partial double bond character of 
C— OH bond. 
H 


(d) CH, SP С=О+ (CH,),CHMgl — 
Iso-propyl magnesium 
CH, iodide 
'2-methyl propanal 


H H 


H20 
(CH,), PM же. — (CH,), CH — C—O0H 


CH(CH; ), 


CH(CH,), 
2, 4-dimethyl pentan-3-ol 


(b) CH,OH 
OH 


TPC, ——› 


CH;CI 
OH 


2-chloromethyl 
phenol 


o-hydroxy benzyl 
alcohol 


(b) NaCl will not convert ethyl alcohol into ethyl 
chloride. 

(b) With conc. HNO,, phenol is converted to 

2, 4, 6-trinitrophenol. 

(c) CH,CH,CH, — OH -9^ oxidation, CH, ең, СООН 


(X) (Y). |. 
Propanol Propanoic acid 


johol Phenols and Ethers 
i 


.(U Electron releasing group decreases whil 
withdrawing group increases acidic i 
destabilising and stabilising the phenoxide “ч 


formed respectively. 
| à OH 
ji > ( | 
МО; m 
j (Ш) 


(il) (I) 
(-M, -) (+I, hyperconjugation) 
4 3 2; 1 
18. H; c— C = С— СН, — ОН 
СН, Вг 
2-bromo-3 -methyl-but-2-en-1-ol 
OH 


| 
19. СНз — CH — СН; 
Propan -2-0l 

20. Rmust be a group having more electron density 
than H, i.e. having +J-effect whereas R' must be 
having –/- effect. 

91, The correct order of dehydration of alcohols is: 
Tertiary alcohols > Secondary alcohols > Primary 
alcohols 

22. In phenols, the lone pairs of electrons on the oxygen 
atom are delocalised over the benzene ring due to 


resonance and hence, are not easily available for 
protonation to destabilise O—H bond thus, making 


protonation difficult. 
23. The complex of CrO,, pyridine and HCI, i.e. 
PCC (pyridinium chlorochromate), oxidises 
XCHOH о) С = Owithout carrying ош oxidation 
of double bond. 

24, Refer to text on page 272. 

25, Refer to text on page 267. 

26. Hint In phenol, C —O bond is less polar due to 
electron withdrawing effect of the benzene ring 
whereas in methanol, C—O bond is more polar due to 
electron releasing effect of "CH; group. 

* (i) Propene to propan-1-ol 


CH,CH=CH, + HBr 999 CH,CH,CH,BY 
Propyl bromide 


Propene 


2 


чч 


Aq. KOH 


3 2 1 
——— СН; —CH, — CH, — OH 


Propan-1-ol 
(ii) Refer to text on page 266. 


s, (i) P ropan-2-ol to 2-methylpropan-2-ol 
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OH 0 


| 
KC OHO (0) | CH Ма? 
FLMC! eH, C— CH, —— 


Acetone 


CH,— CH — CH; 
Propan-2-ol -Ho 

- + 
OMgBr OH 


| | 
но 
CH, — C — СН, тирон? КЕЛ; — CH, 


CH, 


CH, 
Adduct 2-methylpropan-2-ol 


(ii) Refer to text on page 266. 


5- 5+ ру 


29. (i) HCHO +(CH,),CHMgBr 2222» 


Methanal 


(CH, ),CHCH, OMgBr] ==>" (CH; CH—CH,OH 
Adduct a. 2-metbylpropand ol 


b+ 
MgBr - 


(ii) HCHO + 


L------ a 


Cyclohexyl magnesium bromide Adduct 


-Mz{OH)B 
BRE CHOH 
H,O; H 2 


30. Given reaction is nucleophilic substitution reaction. 
Br 


CH,— CH—CH — CH, E95 CH, —C—CH.CH, 
| 


| 
СН; ОН сн, 


Mechanism 
Step 1 Protonation of alcohol 
CH,—CH— CH— CH; 1 cH, — үн CH— CH, 


CH, OH CH, OH, 
Step 2 Formation of carbocation 
i) 


CH, с СН— 


1, 2 hydride shift Ж 
CH, —— — —9 CH, d CH, — CH, 


CH, CH, 


CH, — CH — CH— CH, — CH, —CH— CH— CH, 


сн, эон, CH, 
* 


Step 3 Altack of nucleophile " 
r 


| 


CH, — C— CH, — CH, Br— CH, — C — CH,— CH, 


сн, сн, 
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31, 2-chloroethanol is more acidic than ethanol. Due to —I-effect (electron withdrawing group) of the Cl-atom, electron dens; 
on O—H bond decreases. So, O—H bond of 2-chloroethanol becomes weaker than O—H bond of ethanol. Thus, the ied 
of H* ion from O — H bond of 2-chloroethane becomes easier. me 

Cl—e CH, —c CH, —— O —e H > CH, >— CH; >— O >— H 
OH bond weakens 
32. Nitro (NO;) group is electron withdrawing whereas methoxy (OCH,) group is electron releasing in nature. onitropheno| 


produces H* ions easily but methoxyphenol does not. This is because o-nitrophenoxide ion is stabilised due to resonance. 
This is not true with o-methoxyphenoxide ion. The two negative charges repel each other thereby destabilising it, 


о-н o? | 
NO, мо, 
— +H 
o-nitrophenol 
e r буу i o Ө 
0) 979 | о gh | ] 2 We 
ind C Ф ! AS e( y ^? 
i ге ———3À 
Os NR CS 
О o? 
GE x 
Er 
oo” 
о-н o? 


33. Resonating structures of o-nitrophenoxide ions that are formed by the loss of proton from o-nitrophenol are as follows: 


“Ox T Ч oe О: ` : : 
4 o р e - i 
NA СУМ М oo РК o М R- 
Nor Ne NOF «ә ОГ <> 30: 

IV 


г < :О < 


І n x) 


Ш 


У 


Resonating structures of p-nitrophenoxide ions that are formed by the loss of proton from p-nitrophenol are as follows: 


9) O Q 
e e e ec 
6j e 9 SY 
S SS m d Sud 
П 


NS е 
“е 

-0 О -0 So О 2 So 

I ni lv ў 


` 


е 
М 
О 
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sols phenols and Ethers 
pesonating structures of phenoxide ions that are formed by the loss of proton from phenol are as follows: 
| O 
v e e 
I 6 
П Ш IV 


clearly evident from the above structures that due to -R-effect of — NO, group, o-and p-nitrophenoxide ions are more 


It is ps 
Je than phenoxide ions. Consequently, o- and p-nitrophenols are more acidic than phenols. 


stab 
i) Refer to text on page 268. 


34, (i) 
(i) Refer to text on page 264. 


35. (i Electron withdrawing groups such as — NO,, increases the acidic character while electron releasing group such as — CH, 
decreases the acidic character thus, the increasing order of acidic strength is 


OH OH OH 
< < 
CH NO, 
(p-cresol) (Phenol) (p-nitrophenol) 


(ii) The mechanism for the formation of carbocation is as follows 
H 


| œ~ el t 
CH=CH, +H{O-H —> CH,-CH; + H,0 


36. Refer to mechanism of dehydration of alcohols on page 270. 
37, The mechanism of the given reaction can be predicted as: 
Step 1. HBr —> H' +Br . Л 
т 


af ow kT | ^ 
Step 2. CH,— CH, — ÖH + H' — CH, — CI 2— OH? -5 езспд CH,— CH, + HO 


38, The reaction of alcohols with Lucas reagent (conc. HCl and ZnCl,) follows Sy1 mechanism which depends upon the stability 
of carbocations (intermediate). More stable the intermediate carbocation, more reactive is the alcohol. 
Tertiary carbocations are most stable among the three classes of carbocations and the order of the stability of carbocation is 
39 > 29 5.1? This order, in turn, reflects the order of reactivity of three classes of alcohols, i.e. 3° > 29519 
Thus, as the stability of carbocations аге different so the reactivity of all the three classes of alcohols with Lucas reagent is 


different. i 
; Alk KMnO = H* /H,0 
39, (i) CH,CH,CH,OH +2(0] <> CH,CH,COOK" EES + CH,CH,COOH 
Propan-1-ol Propanoic acid 


(i) Refer to halogenation on page 272. 
(ш) Refer to nitration on page 271. 
ù (iv) Refer to Reimer-Tiemann reaction on page 272. 
* (i) Refer to text on page 271. (ii) Refer to text on page 272, 


1. Refer to text on page 271. 

М i to text on page 272. 
thanol when warmed with МаОН+ 1, 
CH,CH,OH + 4Na01—9 CHI} + HCOO"Na’ + Nal + H,O + 2NaOH 


Iodoform 
Ethanol (Yellow ppt) 


gives yellow ppt. of iodoform while phenol does not give this test. 


C,H,OH + NaOH —> No yellow ppt. 
Phenol 
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44. Primary alcohols-(i), (ii), (iii) 
Secondary alcohols-(iv), (v) 
Tertiary alcohols-(vi) 


í s follows: 
45. The phenolic compound with molecular formula C;H,O, has three isomers that are a 


OH 
OH OH 
CH; 
CH; CH; 
o-cresol or 2-methylphenol m-cresol or 3-methylphenol frcresokor бере. 
46. (i) Refer to text on page 264. 
(ii) CH,CH,CH,c1 440% сн.сн,сн,он 
(iii) Refer to text on page 265. 
47. (i) Refer to text on page 264. OH 
О 
CH, —C — OCH, 
сн›— С — Осн; SEES ] 
(ii) | О 
о Methyl(2-hydroxycyclohexyl) 


ethanoate 
NaBH 
(iii) енен 6н сно ==“, сн, сн, Gs CH,OH 
сн, S 
А 2-methylbutan 4-ol 
48. (i) On adding H,O to ethenyl benzene in the presence of dil. H,SO,, we get 1-phenyl ethanol. 


CH=CH, i CH—CH, 


Dil. H;SO, | 
-H-OH —— OH 


Ethenyl benzene 1-phenyl ethanol 


(ii) Hydrolysis of cyclohexyl methyl bromide by aqueous NaOH gives cyclohexyl methanol. 


CH,Br CH,OH 
[^ T. + ад NaOH — =" С + NaBr 
Р 532 hydrolysis 


Сус1оһеху1 Cyclohexyl 
ш methyl bromide methanol 
(iii) Hydrolysis of 1-bromopentane by aqueous NaOH, gives pentan-1-ol. 
Heat 


CH,CH, CH,CH,CH, —Br+ NaOH — 25 CH,CH,CH,CH,CH, — OH + NaBr 


1- LANI: hy dn as кс d -ol 
49. () он сн, CH; 
1-methyl 1- -methyl DM 


cyclohexanol 
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(i) CH; CH,CH;CH; -бн *55 aac CH, - OH, 299, сн, н, - quien, 


| 
Ви!ал-1-0 Protonated alcohol 


1° carbocation 


1, 2-hydride shift 
CH, E. H—CH, — CH, CH,CH —CH, + CH, —CH = CH—CH, 


2° carbocation (П) -н' Put- 1-епе But-2-ene 
‘(More stable) (Minor) (Majon 
50. (i) Acidified K,Cr,O, (followed by hydrolysis with dil. H ,80,) 
(ii) pyridinium chlorochromate (PCC) 
(iii) Aqueous bromine 
(iv) Acidified or alkaline KMnO, (followed by hydrolysis with dil. Н,50,) 
(v) 85% H,PO, at 440 К ay 
(vi) МӘН, or NaBH, or LiAlH, 
51, (i) With HCI-ZnCIl, (Lucas reagent) 
(a) CH,CH;CH;CH; —OH шы ee, No reaction at room temperature 
Butan -1 -ol 
CH, | CH, 
Anhy. ZnCl, 
OH | a 
2-methylbutan-2-ol — . 2-chloro-2-methylbutane , 
(White turbidity) 
(ii) With НВг 
(a) CH,CH,CH,CH;OH +HBr —==— CH,CH,CH,CH,Br + HO 
Butan-l-ol 1-bromobutane 
CH, 4 СН, 
(b) CH, EIS +нв CH, анан, +Н,0 
ОН i Br 
2-methylbutan-2-ol 2-bromo-2-methylbutane 
(iii) With SOCI, 
(a) CH,CH,CH,CH;OH + SOCI, Ж... СН,СН,СН,СН,С! + SO, T+ HCl 
Butan-l-ol 1-chlorobutane 
CH, CH, 
(b) CH, m „Сн, +8001, —— CH, EG «80,1 +HCl 
a 
9. Ens 2-0] 2-chloro-2-methylbutane 
52, " Hg (CH4COO); 
HCH, OH оон, —CH, Кыш Na—C = С-Н = CH, = CH- OCOCH, 
yl alcohol 4 Ethene соон Vinyl acetate 


53, 
() CH,CH,CH,CH,OH — 5... CH,CH,CH,COOH 
Butan- I-ol CUM Butanoic acid 


(ii) Сн; —CH— CH,CH, oe. er CH, —C—CH,CH, 
K ,Cr,07/H S0, | 


(0) 
OH -2 
Butan -2- ol Butan -2-one 
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$ lon 
і 
(i) CH, — C — с} 2 
М UOXUW0H-— CH,— C — COOH 
| Alk. KMnO4 | 
б) сн, CH, 
methylpropan-1-0] 2-methylpropanoic acid 
54. (i) Eight isomers ar i | 
е possible. OH OH 
(a) CH,CH;CH,CH,CH,OH (b) CH,CH,CH, — CH— CH, (c) CH,CH;—CH—CH,CH, 
Pentan-1-ol Pentan-2-ol Pentan-3-ol 
CH, CH, ps 
(d) CH,CH, — CH — CH,OH (е) CH, —CH — CH,CH, — OH (f) CH, — C — CH;CH, 
2-methylbutan-1-o0] ` 3-methylbutan-1-ol 
OH 
2-methylbutan-2-o] 
CH, CH, OH 
(в) CH,— T CH,OH (h) CH, — CH —CH—CH, 
CH, | 3-methylbutan-2-ol 
2, 2-dimethyl propan-1-ol 
(ii) In the above isomers, 
Primary alcohols — (a), (d), (e), (g); Secondary alcohols — (b), (c), (h); Tertiary alcohols — (f) 
55. (i) (a) On adding H,O to 1-methylcyclohexene in the presence of acid, we get 1-methylcyclohexan-1-ol. 
р о ту ссн; с 
Он — OH 
Pp " 
1-methylcyclohexene H 1-methylcyclohexan-1-ol 
(b) When we add H;O to 4-methylhept-3-ene in the presence of an acid, we get 4-methylheptan-4-ol. 
es aid + H-OH WENT GEM P 
Markovnikov’s 
4-methylhept-3-ene addition 4-methylheptan-4-ol 
(c) On adding H,O to pent-1-ene in presence of acid, we get pentan-2-ol. 
OH 
+н-он —— "= _ , 
Pent-1-ene Markovnikov's addition Pentan-2-ol 
(d) When we add H,O to 2-cyclohexylbut-2-ene or 2-cyclohexylidenebutane, in the presence of an acid, in both the cases 
the product is same, i.e. 2-cyclohexylbutan-2-ol. 


“ 


. +H 
2-cyclohexylbut-2-ene n X nb i 
2 i -H* OH 
+H* 


2-cyclohexylbutan-2-ol 
2-cyclohexylidenebutane 


"e m 
(ii) o-nitrophenol is steam volatile due to intramolecular H-bonding and hence, can be separated by steam distillation fro 


p-nitrophenol, which is not steam volatile. 
[For structures, refer to text оп page 269.] 


56. (i) We get a 2° carbocation by the protonation of 3-methylbutan-2-ol followed by the loss of H ›О. It is rearranged by 


1, 2-hydride shift to more stable 3° carbocation (II). Nucleophilic attack by Вг” ion on this carbocation (II) gives the 
final product. 
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Н 
H,C—CH— CH сн. _#* : АР 
3 | | CH, — еа м, m жаы 
3-methylbutan-2-o] aie 
2° carbocation(I) 
B iE (Less stable) 
r 
m | а г. | 1 2-hydride 
? @ | m чн; —CH; *  Nudeophile CH, = C—CH, a CH, 
CH, attack m 
2-bromo2- 3 
romo-2-methylbutane 3°carbocation(II) 
(More stable) 


(ii) Refer to text on page 265. 
57, (i) (a) Propene ——› Propan-2-ol 


Н+ /H,0 
CH,— CH= CH, is MES Galle 


Propene 
OH 
Propan-2-ol 
(b) Benzyl chloride —> Benzyl alcohol 
CH,Cl СН,ОН 
Hydrolysi 
+ NaOH (aq), MT ô + NaCl 
Benzyl chloride Benzyl alcohol 
(с) Ethyl magnesium chloride —> Propan-1-ol 
H \ ô+ [%- ô- б+_ Dry ether $- & H’/H,O 
С=О +“ CH;CH,—MgCl ———> CH;CH,CH,OMgCl пе disi! CH34CH;CH; OH + Mg(OH)Cl 
H 4 Adduct arm Propan-l-ol 


Formaldehyde 


(d) Methyl magnesium bromide —9 2-methylpropan-2-ol 


H3C L +8 H3C CH; Ht H3C\ „СНз 
Nef Dy N ——À Mg(OH)B 
~0/4 CH2—MeBr —— C 33 z C + Mg(OH)Br 
нс O/+ CH3 £ H + Hydrolysis HC Мон o 


Acetone Adduct 2-methylpropan-2-ol 


(ii) Refer to text on page 267. 


58, (i) (a) Refer to text on page 269. 
(b) Refer to text on page 267. 
| (c) Refer to text on page 268. 
(ii) (a) Refer to text on page 272. 
(b) Refer to text on pages 264 and 265. 


| TOPIC 2 | 
Ethers 


The substitution of a hydrogen atom in a hydrocarbon (aliphatic/aromatic) by an alkoxy (OR)/aryloxy (OAr) group 


yield ethers. e.g. RH ao, JE лм =й L Ar—O—R 
ane 


+ OR Ether + OR Ether 


CLASSIFICATION OF ETHERS 


Ethers can be classified as 
(i) Simple or symmetrical ethers Same alkyl or aryl groups are attached to the oxygen atom. 


с.р. CH,OCH, , C,H,OC 2H, 
Dimethyl ether Diethyl ether 


(ii) Unsymmetrical ethers Different alkyl or aryl groups are attached to the oxygen atom. 


Methyl phenyl ether Methyl ethyl ether 


NOMENCLATURE OF ETHERS 


In IUPAC system, ethers are named as alkoxy alkane. Ethereal oxygen along with smaller alkyl group is called 


Larger alkyl group is considered as a part of alkane. 


Common names of ethers are derived from the names of alkyl or aryl groups written as a separate word in an 


alphabetical order and adding the word ‘ether’. 


Common and IUPAC names of some ethers 


alkoxy, 


Compound 


Common name 
CHOCH, [s TW ца bei 
CHOC H; | E Diethyl her 
CH4OCH4CH;CH; M Methyl n-propyl ether 
CHOCH, м Methyl n-phenyl ether (anisole) 
CHOCHEH, | Эу Ethyl phenyl aiher "e 
CHOCH) —CH, ru Heptyl phenyl ether 


CH4O— CH —CH; 
CH; 


CH; 


CH,—O —CH; — CH,— OCH, 


H,C CH; 
сн» 


Methyl iso-propyl ether 


Phenyl iso-pentyl ether 


IUPAC name 
Methoxyrnethano 
Ethoxyethano 


1-methoxypropane 


Methoxybenzeno 


Ethoxybenzene 
1-phenoxyheptane 


2-methoxypropane 
3-methylbutoxybenzene 


1, 2-dimethoxyethane 


2-ethoxy-1,1-dimethylcyclohexane 


Phenols and Ethers 


XA MPLE |1| Write the IUPAC names of the following 
P pounds 


CH, 


с, 


C,H; —O-GHs 
c, — 0— GH s(t) 
у и а, p к. 
bs NCERT 
sol (i) ]-methoxy-2-methylpropane 
(i) Ethoxybenzene 
(iii) |-phenoxyheptane 
(iv) 2-ethoxybutane 


STRUCTURE OF FUNCTIONAL 
GROUP (ETHERS) 


Inethers, the four electron pairs, i.e. the two bond pairs 
and two lone pairs of electrons on oxygen are arranged in 
approximate tetrahedral arrangement. Bond angle is 
dightly greater than tetrahedral angle because of the 
repulsive interaction between two bulky (—R) groups. 
The C—O bond length (141 pm) is almost the same as 
in alcohols. e.g., methoxy methane. 


UN 


N 
H,C 111,7 


Structure of methoxy methane 


PREPARATION OF ETHERS 


thers can be prepared by the following methods : 


i the Dehydration of Alcohols 


" i undergo dehydration in the presence of protic 


tp Such as H, SO 4» H3PO,. Formation of the reaction 
C alkene or ether depends upon the reaction 


413 sions, €.g. ethanol is dehydrated to ethoxyethane at 
'N the presence of sulphuric acid. 
CH OH Conc. H,SO4 
б 413K 
C,H, —0—CiH; t њо 


Ethoxyethane 
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At 443 K, ethene is the main product. 
но, 


r 


Ethanol 
The formation of ether is a nucleophilic bimolecular 
reaction, Sy 2. It involves the attack of alcohol molecule 
оп a protonated alcohol as shown below : 


» CH) =CH, + HO 


Ethene 


Step 1 Protonation of alcohol 


CH; —CHy--( HB" 5 
H 


| 
CH, —CH; —Q—H 


Step П Nucleophilic attack by unprotonared alcohol 
molecule on protonated alcohol molecule. 


ee + H 5x1 
CH,CH;— 2+ CHy on, LOC —3À 
| H Slow 


H 
+ 


H 
P'rotonated ethoxy ethane 
Step 11 Loss of proton to form ethoxy ethane 
+ 
иеа ES, 


H 


CH,CH; —Q— CH,CH, +H™ 
Ethoxy ethane 


Note Acidic dehydration of alcohols to give an alkene is aiso 
associated with substitution reaction to give an ether 


Limitations 


This method is not suitable for the preparation of 
unsymmetrical ethers since, complex mixture is obtained, 
This method is suitable for the preparation of ethers 
having primary alkyl groups only, The alkyl group 
should be unhindered and the temperature should be 
kept low otherwise alkene is formed. In case of 2° and 3° 
alcohols, the reaction follow Sy t pathway and the main 
product is alkene because elimination Competes over 
substitution, The order of dehydration of alcohols 
leading to the formation of ethers follows the order t° > 
2° > 3° alcohols, 


Williamson's Synthesis 
This is one of the best and imporant laboratory 
methods for the preparation of symmetrical and 
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unsymmetrical ethers, In this method, an alkyl halide is 
allowed to react with sodium alkoxide. 


v + eo 
R—X + R'—QNa ——s R—O-—R' + МАХ 
niet Kas ` Sodium 
АШУ halide Sodium alkoxide Ether halide 


Ethers containing substituted alkyl groups (secondary or 
tertiary) may be prepared by this method. This reaction 
involves Sy 2 attack of an alkoxide ion on primary alkyl 
halide. Better results are obtained, if the alkyl halide is 
primary. 

a 


+ 
сало a+cH,-43;—, 


CH 
А CH; 


CH; —Q—C— CH, + NaBr 


CH; 
2-methoxy -2-methyl propane 
In case of 2° and 3° alkyl halides, due to steric hindrance, 
elimination competes over substitution and alkenes are 
formed. It is because alkoxides are not only nucleophiles 
bur strong bases as well. These react with alkyl halides { 


leading to the elimination reaction. 
CH3 
| ta 
CH, —C— Br 4 NaO — CH, 
CH; i 


— CH, —C=CH, + СН,ОН 
| 


CH; 
2-methylpropene 
Phenols are also converted to ethers by this method. In 
this method, phenol is used as the phenoxide moiety, 


= + 
:ÓH ins \ O—R 
fX 
@ + NaOH —> e E 


Phenol Phenoxide moiety Ether 


Note 


For the synthesis of unsymmetrical ethers, a proper choice of 
reactants is necessary. This method cannot be used for preparing 
diaryl ethers. It is also not applicable for tertiary alkyl halide as they 
yield alkene instead of ethers. 
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Reaction of Alkyl Halides with Dry 
Silver Oxide V" 

When alkyl halide is heated with silver oxide, утте 
ether is formed. Ica 


O 
CH3CH, 
Diethyl ether 
2AgBr 


Silver bromig 


From Grignard Reagent 
Higher ethers сап be prepared by treating «-halo 


. ethers 
with suitable Grignard reagent. 
Dry eth 
CH, —O—CH,C! * CH4Mgl 7 #95 
олар зову 
methane CH, »—OCH, CH; T Mg (СЇ 
al ey gh magnesium 


PHYSICAL PROPERTIES 


Some of the important physical properties of ethers are as 
follows: 
(i) Dimethyl ether and ethyl methyl ethers are gases at 
ordinary temperature whereas higher ones are liquids 
with characteristic smell. 


(ii) The C—O bonds in ethers are polar, therefore ethers 


have a net dipole moment. 


(iii) Boiling points of ethers are much lower than the 
boiling points of alcohols. The large difference in 
boiling points of alcohols and ethers is due to the 
presence of H-bonding in alcohols. The boiling points 
of ethers are comparable to alkanes of comparable 
molecular masses due to their low polarity. 


s Formula Nomenclature Bp/K. 
CHs(CH2)0H, Tu. add 309.1 
LL mo 0—C Hs E Ethoxy ethane 307.6 
CHa(CHa)—OH Butan -t-o 390 


(iv) Lower ethers (upto three carbon atoms) are soluble in 
water and their miscibility with water resembles those 
of alcohols of the same molecular mass. Both ethoxy 
ethane and butan-1-ol are miscible to almost bee 
extent, i.e. 7.5 and 9 g per 100 mLH,O, respective! 
while pentane is essentially immiscible with H2“ 


y ОБ, Phenols and Ethers” 
с 


This is due to the fact that just like alcohols, 

ather can also form H-bonds with Water mol 
N NGA 
ROE ANG 


oxygen of 


ecule, 


CHEMICAL REACTIONS 


some of the important chemical reactions of ethers are as 


follows: 


Cleavage of C—O Bond in Ethers 


Ethers are least reactive among all functional groups. The 
deavage of C—O bond in ethers takes place under 
drastic conditions with excess of hydrogen halides, HX. 
The reaction of dialkyl ether gives two alkyl halide molecules, 


R—O—R+HX 25, рон + py 


Ether Alcohol Alkyl halide 
R—OH+HX — R—X + H,O 


Alkyl aryl ethers are cleaved at alkyl-oxygen bond due to 


the more stable aryl oxygen bond. The reaction gives 
phenol and alkyl halide. 


O—R OH 
erm — o +R—X 


The order of reactivity of hydrogen halides is | 
HI > HBr > HCI. 


The cleavage of ethers takes place with conc. HI or HBr 
at high temperature, 
Mechanism 


Reaction of an ether with conc, HI starts with 
Protonation of ether molecule. 


Step] Protonation of ether to form oxonium ion 


CH, —O—CH,CH; &H—I— 
H 
| + : 
CH,—0: —CH;CH; +1 


Oxonium ion 
The reaction takes place with HI or HBr as these 
Teagents are sufficiently acidic and Br /T are 
Step] good nucleophiles. 
SRU Iodide being a good nucleophile attacks the least 
Substituted carbon of the oxonium ion formed in 
Step I and it displaces an alcohol molecule by 
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Sy 2 mechanism. Therefore, in the cleavage of 
mixed ethers with two different alkyl groups, the 
alcohol and alkyl iodide formed, depend on the 
nature of alkyl groups, When 1° and 2? alkyl 
groups are present, it is the lower alkyl group that 
_ forms alkyl iodide (Sy 2 reaction). 
H 


(^N [4 52 
I + CH, — 0; —CH;CH; л? 


Н 
|, 
1---СН;---О; —CH,CH; » — 


СНз —I + CH4CH; —OH 
Step Ш If HI is in excess and the reaction is carried out at 


high temperature, ethanol reacts with another 
molecule of HI and is converted to ethyl iodide. 


| Tes Ly 
CH;CH, —O—H4H = 
H 


| 
CH,CH, —ОН+Г 
CH,” | 
р. i 
кеш Куш. — CH;CH,I +H,0 


If one group is primary alkyl halide, (e.g. methyl 
group) and other group is tertiary alkyl group, in 
an ether then (like methanol) primary alkyl group 
converts into alcohol as a major product and 
tert-alkyl halide is obtained. 

CH; 


9,250.08 Sur S95, 
CH; 


tert-butyl methyl ether CH; 


CH;—C—I + СНОН 
Methyl alcohol 
CH, 

tert-butyl iodide 
This reaction follows Sy 1 mechanism. This is due 
to the formation of a more stable carbocation, 
(СН, )s C* with the departure of leaving group, 
CH, —OH. 


CH, 


CH, 


+ 
сн,—Є-70—сн, -"' ch, —C" + CHOH 


CH 
3 CH, 
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сн, CH; 


CH, Cr CH Er 


CH, . CH; 
ion is formed by the protonation of ether. The 


In case of alkyl aryl ethers such as in anisole, methyl phenyl oxonium ае анору p 


bond between О—СН, is weaker than the bond between O— CH; , | 
hybridised and there is a partial double bond character. Thus, the reaction yields phenol and ет vti henol does 
not react further to give halides because sp” hybridised carbon of phenol cannot undergo nucleophilic substitution 


reaction required for conversion to halide. 


O—CH3 OH 
O +H 2280 O + CH3l 
Anisole Phenol. Methyl iodide 


Ethers with two different alkyl groups are also cleaved in the same manner. If primary and secondary alkyl groups are 
present, the alkyl halide is always formed from the smaller alkyl group. 


CH, CH, 


| 
CH4— CH—O—CH, +HI—»CH3I+ CH, — СНОН 


In benzyl alkyl ethers, cleavage of C—O bond gives alkyl alcohol and benzyl halide through Sy 1 mechanism because 
benzyl carbocation is more stable towards Sy 1 mechanism. 


Electrophilic Substitution Reaction 


Alkoxy group (— OR) is ortho, para directing and activates the aromatic ring towards electrophilic substitution and 
directs the incoming electrophile at o-and p-positions (because of the negative charges at o-and p-positions indicate the 
more electron density at these positions). 


e "OR *OR SOR :OR 
_ |. э | а 
— b. < 4) еә” es 
I П | Ш IV у 


Important electrophilic substitution reactions are as follows: 
(a) Halogenation 


Phenylalkyl ethers undergo usual halogenation in the benzene ring, e.g. anisole undergoes bromination with bromine i? 
ethanoic acid even in the absence of iron (III) bromide catalyst. It is due to the activation of benzene ring by the 


methoxy group. Halide group is introduced at o-and p-positions of the ting. p-isomer is obtained in 90% yield. 


OCH; OCH; OCH; 
Br, in Br 
ethanoic acid + 
Anisole Br 


p-bromoanisole о-Бготоапіѕоје 
(Major) (Minor) 
9096 yield 
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com 
F riedel-Crafts Reaction 


ole undergoes ee reaction, ie, the alkyl and acyl groups are introduced at o- and p-positions by reaction 
А ally! and acyl halides in the presence of anhydrous aluminium chloride (a Lewis acid) as catalyst. 


. OCH, OCH; 
CHyCl/Anhy. АС, С$, CH; 
(Friedel-Crafts © , 
alkylation) 
oN ! o-methoxy toluene 
CH 3 (Minor) 
p-methoxy toluene 
(Major) 
OCH; OCH; 


Anisole f | 
CH,—C—Cl/Anhy. AICI; 
(Friedel-Crafts acetylation) 
o-metboxy acetophenone 


СОСН» (Mimas) 
p-methoxy acetophenone 
(Major) 


(c) Nitration 


Anisole reacts with a mixture of concentrated sulphuric acid and nitric acids to yield a mixture of ortho and para 


nitroanisole, NN 
O—CH, OCH; OCH; 
S NO, 
HNO; (conc.) 19,50; (conc.) g 
„кызыны „|. шн н —› 
i (Nitration) S 
i o-nitroanisole 
Anisole х6, ак 


p-nitroanisole 
(Major) 


Uses of Ethers 
- of the important uses of ethers are as follows: 
» Dimethyl ether is used as refrigerant and as solv 


Sed as an industrial solutions for oils, resins, gums etc. | | О 
an extracting solvent in laboratory and industry because of their almost inert nature and good dissolving power. 


Phenyl ether is used as heat transfer medium because of its high boiling point. 


ent at low temperatures. 


°, 


= c» 
Е? => = 
мІ? 22 мше 


(i) Dj 


| TOPIC PRACTICE 2| 


OBJECTIVE Type Questions | 


1. 


IUPAC name of the compound СН, - ai tas 


CH, 
ПАН . NCERT Exemplar 
(a) 1-methoxy-1-methylethane | 
(b) 2-methoxy-2-methylethane 
(c) 2-methoxypropane 
(d) isopropylmethyl ether 


Williamson's synthesis of preparing dimethyl 
ether is a/an CBSE SQP (Term I) 
(а) Sul reaction : 

(b) elimination reaction 

(с) Sy2 reaction 

(d) nucleophilic addition reaction 


The reaction, 
CH; 


| 
I AUN ОМа + CH4CH;Cl — a | 


CH, 
CH; 


' | 
c= r9 —CH,—CH3 
CH; 
is called 
(a) Williamson synthesis 
(b) Williamson continuous etherification process 


(c) Etard reaction 
(d) Gattermann-Koch reaction 


Ethers have a net dipole moment because 
(a) C—O bonds in ethers are non-polar 
(b) C—O bonds in ethers are polar 
(c) C—C bonds in ethers are polar 
(d) C—C bonds in ethers are non-polar 
The C—O—C bond angle in the ether molecule is 
CBSE 2021 (Term 1) 
(a) 111° (b) 90° 
(c) 120° (d) 180° 
The large difference in the boiling points of 
alcohols and ethers is due to the presence of 
(a) van der Waals' forces in alcohols 
(b) dipole-dipole interactions in alcohols 
(c) hydrogen bonding in alcohols 
(d) ion-ion interaction in alcohols 


7. Inthe given reaction, 
TEN OR 


О «ix — 


the product is/are 


OH H 

(a) © + АХ (b) © +RY 
X | H 

(с) © + КОН (9 © + ROX 


8. Phenols show the cleavage of C— О bond with 

(a) Na . (К (c) Zn (d) Ca 

‚9. Ethers are treated with an aqueous solution of 4 
in order to remove peroxides from it. Identify 
the ‘A’ from the following options. 
(a) KI (b) Br, 
(с) KCNS . (d) Na,S,0, 

10. Major products formed by heating 
(CH3),C—0— CH; — CH; with HI are 

CBSE 2021 (Тегт П 

(a) (CH, ), C—I and CH,CH,OH 
(b) (CH4), C— OH and CH,CH,I 
(c) (CH4),C—1 and CH,CH,I 
(d) (CH), C— OH and CH,CH,OH 


VERY SHORT ANSWER Type Questions 


11. Write the IUPAC name of the given compound. 
CH,— ars Бен 


CH, АП India 2015 
12. Write the equation involved in the Williamson 
ether synthesis. All India 2014, 20 


13. Give reason: (CH4),C—O— CH; on reaction we 
HI gives (СНз), C—I and CH, —OH as the mai” 
m 
products and not (CH;)3 C— OH and Cis dia 2015 


14. How do you convert phenol to anisole? . 201 


15. Dimethyl ether is completely soluble in water 
but diethyl ether is soluble in water to smal 
extent. Why? 


М pols phenols and Ethers 
con? 
ОКТ ANSWER Туре I Questions 


raw the structures of the compounds whose 
{6. [РАС names are as follows: 

(i) j-ethoxypropane 

(i) 2-ethoxy-3-methylpentane 

xplain the following with an example. 


(i) Williamson's ether synthesis 
(ii) Unsymmetricalether АШ India 2013; NCERT 


NCERT 


18. Select the ether which cannot be prepared by 
williamson's synthesis and state why? | 
pivinyl ether, dicyclohexyl ether, 
|-propoxy-2-methyl propane, propyl -sec-butyl 
ether. 

(9. Write the names of reagents and equations for 
the preparation of the following ethers by 
Williamson's synthesis. 

(i) 1-ргорохургорапе: 

(ii) Ethoxybenzene 
(iii) 2-methoxy-2-methylpropane 
(iv) 1-methoxyethane 


20. Give the mechanism of preparation of ethoxy 
ethane from ethanol. Delhi 2013 C 
Write the mechanism of the following reaction: 


2CH,CH,OH—4—»CH,CH,— 0— CH;CH; 
Delhi 2015 


NCERT 


0 


= 


M 


+ 


Write the reaction of Williamson's synthesis of 
2-ethoxy-3-methylpentane, starting from ` 
ethanol and 3-methylpentan-2-ol. NCERT Intext 


2 : 
2 Which of the following is an appropriate set of 
REA for the preparation of 
"methoxy-4-nitrobenzene and why? 


Br ONa 
() +CH,ONa (ii) + CHBr 
NO, NO, 
1 NCERT Intext 


З Сіуе ге ; 
inco ason for the higher boiling point of ethanol 
À ras to methoxy methane. NCERT. 
ct why alcohols and ethers of comparable 
cular mass, have different boiling points? 
4, " NCERT Exemplar 
l А 
^id B why O = C = О is non-polar while 
=R is роја? . NCERT Exemplar 
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tion of HI with 


25. Write the mechanism of the reac 
NCERT 


methoxy methane. 
26. Write the mechanism of the following reaction. 


conc, H2504 
fone Ba, сн,сн,—О—СН;—СН; 


2CH,CH,OH 
443 K 


Delhi 2016 


27. Explain the fact that in aryl alkyl ether, 
(i) the alkoxy group activates the benzene ring 
towards electrophilic substitution and 


(ii) it directs the incoming substituents to ortho 
and para-positions in benzene ring NCERT 


28. Predict the products of the following reactions: 
(i) CH; —CH, —CH, —O—CH; :HBr— 


ОСН» cone. H,SO,+ 
(iii) Conc HNO,” 
Conc. HNO3 


(iv) (CH,),C=0C,H; > 


29... (i) Convert propanol to 1-propoxy propane. 
(ii) Give the structure and IUPAC name of the major 
product, obtained in the following reaction: 


Or ОСН, conc. HNO; + 
— r 
conc.H550, 

30. State the products of the following reactions: 


(i) CH,CH,CH,CH, OCH; + HBr — 
(ii) C;H;—O—C(CH,),; — > 


SHORT ANSWER Type II Questions 


31. Write the structures of the main products in the 
following reactions: CBSE 2018 
0 
cHy—c—ocH, VBE, 
в) { 


CH=CH? : 
(b) * H0 elis 


OCH, 


(c) Miam 
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32. (i) Why phenol is more acidic than ethanol? 


(ii) Write the mechanism of acid dehydration of 
ethanol to yield ether : 


2CH,CH,OH AP CH,CH,OCH,CH, 
All India 2017 C 
(i) What happens when CH,—O—CH,; is heated 
with HI? 
(ii) Explain mechanism for hydration of acid 
catalyzed ethene: 
CH,=CH, +H,0 -H, cH,—CH,—OH 
Delhi 2017 C 


33. 


34. Complete the following reactions: 


CH;CH,—Br Ар 
у “^зе нд 


(i) 
CH;CH;—Br Ге ^j 


(i) CH,—O—CH,Cl + CH,MgI 2th", в 


35. Compound Ahaving molecular formula C НО 
is found to be soluble in concentrated sulphuric 
acid. It does not react with sodium metal or 
potassium permanganate. 


On heating with excess of HI, it gives a single 


alkyl halide. Deduce the structure of compound 
A and explain all the reactions. 


36. Write the equation for the reaction of hydrogen 
iodide with 

(i) 1-propoxy propane 

(ii) methoxy benzene and 


(iii) benzyl ethyl ether NCERT 
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37. Illustrate with examples, the limitation, óf 
Williamson's synthesis for the Preparation а 
certain types of ethers. NER, 


38. The following is not an appropriate reaction 
the preparation of tert-butyl methyl ether: 
CH, ONa * (CH) C—Cl —9 (CH,), С—осң, 
(i) What would be the major product of the 
given reaction? 
(ii) Write a suitable reaction for the Preparation 


of tert-butyl methyl ether, specifying the 
names of reagents used. Justify your answer 
. in both cases. 


for 


39. Howis 1-propoxy propane synthesised from 
propan-1-ol ? Write the mechanism of this 
reaction. 


NCERT 
LONG ANSWER Type Questions 
40. (i) Predict the product(s) of the following reaction 
GH.COCH, ee, 4 BHO, p 
(ii) Explain why anisole does not undergo 
nucleophilic substitution reactions? 

41. Preparation of ethers by acid-catalysed 
dehydration of secondary and tertiary alcohols 
is not a suitable method. Give reason. NCERT 

42. 


Write equation of the following reactions. NCERT 
(i) Friedel-Crafts reaction (alkylation in anisole) 
(ii) Nitration of.anisole 
(iii) Bromination of anisole in ethanoic acid 
medium 
(iv) Friedel-Crafts (acetylation of anisole) 


HINTS AND EXPLANATIONS 


1, (д 


АС name of the above compound is 
?.methoxypropane and correct option is (c). 
з, (дш Williamson’s synthesis alkoxide ion reacts with 
rimary alkyl halide in a single step to form ether. 
Hence, it is an Sy 2 reaction. 

з, (a) The reaction of alkyl halides with sodium alkoxide or 
sodium phenoxide to form ethers is called Williamson 
synthesis. Here, in this reaction alkyl halide should be 
primary and alkoxide, may be bulkier as shown below, 


CH, 
| | -+ | 
CH,—C—ONa + CH,CH;Cl——? 


CH, 


CH,—C—0— CH,—CH, 14, 
CH, " 
4, (D) The C—O bonds in ethers are polar and thus, ethers 
have a net dipole moment. 
5, (a) The C—O—C bond angle in an ether is 111°. 
6, (c) The large difference in the boiling points of alcohols 15. 


and ethers is due to the presence of H-bonding 
interaction in alcohols. 

1. (a) Alkyl aryl ethers are cleaved at the alkyl oxygen 
bond due to the more stable aryl-oxygen bond. The 
réaction yields phenol and alkyl halide. 

& (0) The reactions involving cleavage of C—O bond takes 
Place only in alcohols. Phenols show this type of 
Teaction only with zinc. 


| ОН ‘ 
— 


from Ethers. Ether 
gets reduced to 


16. 


17. 


18 
19 


- 


9, , 
(à) KI is added to remove peroxides 


Petoxide oxidises KI into I, and itself 
eher. ? 


Eth op — du +2 

ег peroxide4. 27^ —> Ether+ О; 

Q 

Xen, C—0—CH,—CH, + HI —> 

(CH,), C—14+ CH,CH,CH 


10, 


ц 
3 


CH 2 1 
ий шар. же Dd 


CH, 


lup 
AC Name 1-ethoxy-2-methylpropane 


12. 
13. 


2CH,X + CH, Ома — CH,OCH, + NaX 


In case of unsymmetrical ethers having two different 
alkyl groups, the alcohol and the alkyl halide formed 
depends on the nature of the alkyl group. If one of the 
alkyl group is tertiary, the alkyl halide is formed from 
the tertiary alkyl group. 

CH3 


51 
CH3 — — ОСНз + HI —— 


CH3 P 


CH34— OH + CH3 — C—I 
Methyl alcohol | 
сн, 
Tert-butyl iodide 


This is due to the reason that the reaction occurs via S1 
mechanism and the formation of products is controlled 
by the stability of the carbocation. 


OH Ома OCH, 
+Na0H —— soit 
-H,0 -NaCl 
Phenol Sodium Anisole 
phenoxide 


Both dimethyl ether and diethyl ether form weak 
hydrogen bonds with water which accounts for their 
solubility in water. However, in diethyl ether, the 
hydrophobic hydrocarbon part is larger than 

dimethyl ether and therefore, limits the hydrogen bond 
formation. 

(i) CHy3CH; —O—CH CH) —CH; 

(ii) ^ CH;—CH—CH—CH)—CH; 


CH;—CH,0 Сн; 
(i) Williamson’s ether synthesis Refer to text on 
pages 287 and 288, 
(ii) Unsymmetrical ether Refer to text on page 288, 
Refer to text on page 288. 
(i) CHyCH)CH)0 — Nat + CHCH CH; — Br 
Sodium propoxide \-bromopropane 
Hát мии 
—PÓCH3CE;CH) —0— СНн›СН›СНу+ NaBr 


|-propoxypropane 


СА OCH,CH, 
ti) e «cien, br t * NaBr 
Sodium phenoxide Ethoxy 
benzene 
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CH; 
(iii) ш жыш + CH, —Br —Heat_, 


CH3 
Sodium-2-methyl-2-propoxide 
propo CH; 
CH3—C—OCH; + NaBr 
H3 | 
2-methoxy -2-methylpropane 
£4 
(iv) CH4CH —ONa + CH; Ced Het, 
Sodium ethoxide — Bromomethane 


CH3CH;—0— CH; + NaBr 
1-methoxyethane 
20. Refer to text on page 287. 


21. Alkyl halide should be primary for Williamson’s 
synthesis. Hence, alkyl halide is derived from ethanol 
and the alkoxide ion from 3-methylpentan-2-ol. 


CH3CH20H + HBr —45 CH;CH,Br +H,0 
Ethanol Ethyl bromide ` 
5 4 3 2 
CH3CH; —CH —CH—OH + Na —> 
СНз ІСН; 
3-methylpentan-2-ol 
B — CH —O^Na* +H, 


СНз CH3 
Sodium-3-methyl-2 -pentoxide 
CH34CH;— m — "à —0O'"Na* + CH4CH; — Br 


542 Í 4 3 2 
— — CH4CH; —CH — CH — O—C;H; + NaBr 


CH3 ICH; 
2-ethoxy -3-methylpentane 
22. Ом OCH; , 
» + CHjBr —Q * NaBr 
NO, NO 


1-methoxy-4-nitrobenzene 
This reaction involves the preparation of ether by 
Williamson's synthesis. It takes place via Sy 2 attack of 


an alkoxide ion on primary alkyl halide because here the 
alkyl halide used is primary. 

Moreover in method (i) the C—Br bond-has some 
double bond character. 


23. Refer to text on page 288. 
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24. CO, isa linear molecule. The dipole moment а 
С = Obonds are equal and opposite. Hence, the 
cancel each other. So, the dipole moment of С y 
and it is a non-polar molecule. 


+ +> 


O=C=O О 
= x^ 
к n de 


uzo 


О. ; 
21s Zerg 


While for ethers, two dipoles are pointing in the : 
direction. These two dipoles do not cancel the effect 
each other. Therefore, there is a finite resultant dj н 
and hence, R—O—-R is a polar molecule. P 


25. Refer to text on page 289. 
26. Refer to text on page 287. 


27. (i) In aryl alkyl ethers, + R-effect of the alkoxy grou 
(—OR) increases the electron density on the 
benzene ring thereby, activating the benzene rin 
towards electrophilic substitution reactions. 


:OR we $6 Е А 
С; А OR OR $ö R OR 
:9 Lx 
<> ec «эе: 
< 
à e 
I II Ш ТУ 


у 


(ii) Refer to text on page 290 
28. (i) CH,— CH,— CH,— О — CH, + HBr —> 


Methoxy propane 
CH3— CH;— CH;— OH+CH3Br 
Propanol 
OC,H, OH 
Т 
(ii) m + С,Н,Вт 
Ethoxy Phenol 
benzene 
. ОС,Н, 1 22 OCH; 
(iii) Conc. H,SO, + 
Conc. HNO, 1 5 
Ethoxy N9; 
benzene 2-ethoxy nitrobenzene 


OCH; 


4 
ОМ 


2 2 
4-ethoxy nitrobenzene 


; HI . ОН 
(iv) (CH,),C—OC;H, —> (CH44C — 1+ CÉsC 
t -butyl ethyl ether t-butyl iodide pe 
29. (i) C,H,og С°" Paso — cH, + HO 
шың. Sx 50H D CI 


opane 
(Excess) Propoxy prop 


(ii) Refer to text on page 291, 
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" ' pefer to text on page 289. 


i " OH 


CH=CH, CH 
(b) + H,O ЫН, | 
2 CH, 
OC;H; OH 
(c) ô ка ô + CHI 


32, (i) Due to resonance, phenoxide ion is more stable than 
henol whereas there is no resonance in alkoxide ion 
(explained with the help of resonating structures on 


page 268. 
(i) CH,—CH,—0—H«H' — 
ee H 
+06 
CH,—CH,— 0 —H 
ee H 
CH,CH,—03 + cH, —cH, < 
re. H 


H 
+ 


н 
+ 
нин — 


H 
CH,CH, —0— CHCH, +H 


(ii) (a) Protonation of alkene to form carbocation by 
elecrophilic attack of H40- 


H,0+H — H,0' 
H 


H | js 
Ч _( +H,0 
эсс н—о'—н =з lli có i 


cation. 
(b) Nucleophilic attack of water ОП carbo 


34. (i) Refer to text on 288. 

(ii) Refer to text on 288. 

35. (i) As compound A does not react with sodium metal or 
potassium permanganate, it cannot be an alcohol 

(ii) As compound A dissolves in conc. H,SO,, it may be 
an ether. 

(iii) As compound A on heating with excess of HI, gives a 
single alkyl halide, therefore compound A must be a 
symmetrical ether. 

(iv) The only symmetrical ether having molecular formula 
CHO is diethyl ether. Thus, compound А is diethyl 
ether, CH, —CH, —-O—CH,—CH- 


CH,CH,—O—CH,CH, Меен, 


ELLE ЗС HSO} 


H 
Soluble oxonium salt 


CH,CH,OCH,CH; —у—э 2CH;CH,—l 
Ethyl iodide 


(A) 
Diethyl ether 


| H 
36. (i) CH,CH,CH,—0— CH,CH;CH, a 
]-propoxy propane 
—OH + CH,CH,CH,—! 


CH,CH;CH, 
Propan-l-ol l-iodopropane 
(ii) Refer to text on page 289, 
CH,-O-C;Hs CH,-! 
--— + CH;- OH 
„© = Qs 
Benzyl ethyl Benzyl 
"e iodide 


37. (i) Williamson's synthesis is not applicable for tertiary 
alkyl halides as they yield alkenes instead of ethers. 
The reaction of CH,ONa with (CH,),C— Br gives 
exclusively 2-methylpropene. 
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сн, 
CH, one *Na—Q—CH, —> 


CH, 


tert -butyl bromide CH, —C=CH, + NaBr 


CH, 
2-methyl propene 
(ii) Aryl and vinyl halides cannot be used as substrates 


because of their low reactivity in nucleophilic 
. substitution. | 


38. Refer to text on page 288. 
39. Two methods can be employed for this preparation: 
(i) Via Williamson’s synthesis | 
(а) 3CH,CH,CH,OH + PB, ——› 3СН,СН,СН,Вг 
Propan-1-ol 1-bromopropane 


+H,PO, 
(b) 2CH,CH,CH,OH + 2Na —9 2CH;CH,CH,O7Na* 


Propan4-ol Sodium propoxide 
м +H, 
CH,CH,CH,O-Na* + CH,CH,CH,—Br. 75" > 


Sodium propoxide 1-bromopropane 
CH,CH,CH,—O—CH,CH,CH, + NaBr 
1-propoxypropane 


(ii) By the dehydration of propan-1-ol with conc. H,SO, 


at 413 К 
+ JH 

CH,CH;CH;OH + H*—— CH4CH EO 

Propan-l-ol a 
Protonated propan-l-ol 

өө + ZH 

CH,CH,CH, et MES ae WR 

413 K 


— P CH4CH ,3CH,—O—CH 2CH,CH,; 
Е: 1-ргорохургорапе 
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40. (i) Refer to text on page 266. 
(ii) Refer to text on page 290. 


41. Refer to text on page 287. | 
Under acid catalysed dehydration, 2° and 3° alcohols . 
alkenes rather than ethers. Bive 
The reason is that due to steric hindrance, пис] eophili 
attack by the alcohol molecule on the protonated He 
molecule does not occur. o| 
Instead protonated 2* and 3° alcohols lose a water 
molecule to form stable 2* and 3* carbocations. Th ise 
carbocations prefer to lose a proton to form alkenes 
rather than undergoing nucleophilic attack by alc ohol 
molecule to form ethers. 

CH | сн, 


| Ht | + 
CH,— CH —OH — CH,—CH —OH, 
Propan-2-ol (2° alcohol) Protonated propan-2-ol 


CH, 
А 
"uo СНЕС 
?"  iso-propyl carbocation 
Сн, | CH, 
CH,— CH —O—CH —CH, «99099. 


(Not formed) -H* 
CH; 


CH,—CH* —» CH; —CH=CH, 
=H Propene 
| iso-propyl carbocation 


| 


42. Refer to text on pages 290 and 291. 


SUMMARY 


ols are hydroxy organic compounds of the alkanes with 
eneral formula CrHon, 20 OF C Hon, ЮН. 
e class of organic compounds which contain a hydroxyl group, 
attached directly to an aromatic ring, are known as phenols. 


i pte are named by replacing the terminal '-e' of the 
corresponding alkane name by ~'o! 


‚ Alcohols exhibit chain, position, functional and optical isomerism, 
Methods of Preparation of Alcohols 
m. Reaction involved 


1. —  — — 
dration of alkenes (CH3);C = СН, +H,O—+(CH,),C—OH 


2. gnome _ THF or 
oxidation SR—CH = Сн; «BH; Dane ЁС ОН)В 
H203 


——>RCH,CH;OH 


3. Reduction of ПАН, or H,/Ni, Pt, Pd, 250°C reduces 


aldehydes, ketones, 
acids and acid Ir 
derivatives 
—CHO—COCI, 5C—0, —COA 
—CH,OH , 
4. From Grignard's HO 
reagent бео Dei EN 
R В 
Methods of Preparation of Phenols 
ponam Reaction involved 
Dow process (b нон 
hydrolysis) м „заан, pO Na* —PhOH 
Lr o забт зна 
2 Cumene process. PhCHICH "E = = PhOH + CH,COCH; 
riser ee 
fae lazonium Pht ee nx tO, H,0/H" OP noH м «HX 
V Rar c epe Spi il рн! 
vs OH 
p lal sal "А PhSO3Na* sino ee 
Sulphonic c acid s 
Нот Grign pee нон 
гаеп S s PhMgBr non MO нон 
Ph ee depre 
Ysical Properties of Alcohols | 
i «c liquids whereas the higher 
er alcohols are colourless, toxic liquids 
axy solids. 
ili ; ; r than the 
iling point of alcohol is always highe ano du lo tho 


.. sponding ether, hydrocarbon and haloa 
Sence of hydrogen bonding. 


Physical Properties of Phenols 

* Colourless, crystalline, deliguescent liquid or scfd 

* Characteristic carbolic odour, sparingly soluble in water 

* Capable of forming intermolecular H-bonding wih water and 
among themselves. 


Distinction between 1°, 2? and 3° Alcohols 


Name of the testand 1° alcohol 2 alcohol 3 alcohol 
procedure 

Lucas test Alcohol is Does nct react Procuces Procuces 

treated with Lucas хау after ©] 

reagent (equimolar 5S mn гүгесхжә?; 


mixture of anhy. ZnCl» 
and conc. HC) 


Dehydrogenation Cu Produces Produces ketone Demerates т D 


or Ag are used for aldehyde ge aere 
dehydrogenation 


a Methanol is a colourless liquid and teils at 373 x. It s лгу 
poisonous in nature. Ingestion of even smail quantities cf metnanci 
is hazardous and large quantites causes even death. 


a Ethanol isa good industria! solvent. It is a ccicur'ess бш win 
boiling point 351 К. It is used as a solvent in paint incuszy. 
Ethers 


* Ethers are the organic compounds having мо аку! grcurs 
bounded to an oxygen atom with general molecular structure of 
R—O—R' 


a IUPAC nomenclature Я  — 0—8 , CHO — CRON, 
тн ЛЕ aroy тегә КА 

Preparation of Ethers 

1. By dehydration of alcohois —- нхо, 


2ROH ——R—0—8 «nO 
ET 

R—Er + З'ОМа — ROR" + Narr (R 5 

generally 1°, of бегу! ма? 3° 8, akene 

is the major procuct) 


2. Williamson's synthesis 


3. Reaclion of alkyl halides wilh 
dry silver oxide 


4. From Grignard reagent 


PRX + A90 4 R— 0 — A+ 2AgX 


CHOC AC + Снумо =» 


CHOCH CH, + Мос 


Physical Properties 


e Colourless liquids with ethereal smell, lower boiling pont than 
isomeric alcohols. 


• Ethers upto three carbon atoms are soluble in water due to the 
formation of intermolecular H-bonding. 


СНАРТЕК 
PRACTICE 


OBJECTIVE Type Questions 


1 In ethers, the two bond pairs and two lone pairs 
of electrons on oxygen are arranged in a 
(a) planar arrangement 
(b) tetrahedral arrangement 
(c) trigonal bipyramidal arrangement 
(d) linear arrangement 
2 The reagent(s) used for the reduction of 
aldehydes and ketone into alcohols is/are 
(a) finely divided metals such as P/Pd/Ni . 
(b) sodium borohydride 
(c) lithium aluminium hydride 
(d) All of the above 
3 During dehydration of alcohols to alkenes by 
heating with concentrated H,SO,, the initiation 
step is CBSE SQP (Term I) 
(a) protonation of alcohol molecule 
(b) formation of carbocation 
(c) elimination of water 
(d) formation of an ester 
4 Salicylic acid and phenol can be distinguished by 
the use of 
(a) bromine water 
(b) neutral FeCl, 
(c) 5% NaOH solution 
(d) NaHCO, solution 
5 The electrophile used in Reimer-Tiemann 
reaction is 
(а) ССІ? — (b):CCI, (c) CI?  (d)H,O 
6 Identify the secondary alcohols from the 
following set: 
(i) CH;CH,CH(OH)CH; 
(ii) (C9H,),COH 


OH 
„С 


OH 


(iv) CH; 

CBSE SQP (Term I) 
(b) (i) and (iii) 
(d) (i), (iii) and (iv) 


(a) (i) and (iv) 
(c) (i) and (ii) 


о COOCH; HO COOCH, 
о бсн OY 


Which of the following reagents should be 
used to carry out the above conversion? 


(a) ШАІН, CBSE 2021 (Term) 
(b) NaBH, 
(c) Zn-Hg/HCl 
(d) KMnO, 
8. Lucas reagent produces cloudiness 
immediately with CBSE 2021 (Term) 
CH, 


| 
(a) CH; E ^w CH, 


OH 
(b) CH, os —CH, —CH, 


OH 


(c) CH, —CH, —CH, —OH 
(d) CH, — T^ —CH, —OH 


CH, 


CASE BASED Type Questions 
Case | 


Phenols undergo electrophilic aromatic substitution 
reaction readily because —OH group attached to the 
benzene ring activates the benzene ring towards 
electrophilic substitution reaction. 


Further, it directs the incoming group to ortho and pars 
positions in the ring as these positions become electro" 
rich due to the resonance effect. 


The delocalisation of electrons (or resonance) can be 
represented as 


:ӦН 


А ‘OH *ӧн ӧн 209 
O-QeCR CEC 
J 


eje PEN jons 
Common electrophilic aromatic substitution react! 


taking place in phenol are nitration, sulphonation 
halogenation. 


4015 phenols and Ethers 


je 


х questions are multiple choice questions. Choose 
appropriate answer : 


ihe j 
me the reagent used in the bromination of 
2, 4, 6-tribromophenol. 


penol to give 
(a) bromine (b) aq. bromine 
(c) HBr (d) NaBr 


0 What are the products obtained on reaction of 
phenol with dil. HNOj? 
(a) p-nitrophenol 
(©) m-introphenol 
{l Complete the reaction, 


. OH 
X 


(b) o-nitrophenol 
г (d) Both (a) and (b) 


Br, in C$ 
[fonat and Ман 


23K 
м 4 
(a) -bromophenol p-bromophenol 
(b) m-bromophenol p-bromophenol 
(c) o-bromophenol m-bromophenol 
(d) None of the above 
(2, Write the name of structure 
OH 
ON NO? 
NO? 
9,4,6-trinitrophenol 

(a) salicylic acid (b) citric acid 
(c) folic acid (d) picric acid 


Or Which will prefer to undergo intramolecular 
H-bonding? 
(a) o-nitrophenol 
. (b) p-nitrophenol 
(c) m-nitrophenol 


(d) None of the above 


Case || 
In phenol, OH-group di 

‚ OH-group directly attach 2 i 
carbon of benzene ring acts i а езе nid br idised 
group and is responsible for the acidic natur rawing 
Due to this, the lone pair of electrons of O-H phenol. 
involved in resonance with Саме of benzer are 
result of resonance, the oxygen atom acquires ne ring. Аз a 
positive charge This weakens the O—H bon d partial 
facilitates the release of a proton. and, thus 


МЛ 


Asa result, phenols behave as Bronsted acids. The reaction 
of phenol with aqueous NaOH indicates that phenols are 
stronger acids than alcohols. 

The reactions of phenol with metals such a5 
NaOH indicate its acidic nature. 

л that follow Assertion and Reason are goer 


In the questio 
Reason is purported to the explaination for Assertion. 3 
ding t? the codes 


carefully and then mark your answers, accor 
given below. 
Marks your answer as : 
(a) Both (A) and (R) are crue and (R) is the cora 
explanation of (A). 


(b) Both (A) and (R) are true 
explanation of (A). 


(c) (A) is rue but (R) is false. 
(d) (A) is false but (R) is схе. 


13 Assertion The reaction of phenol with 
chloroform in presence of aq. NaOH gives 


salicylic acid. 
Reason 


Na, Al aad 
bur (R) is cot the correct 


+ 
Ма 


ОН 
CHO 
CHCl, NaOH Hg. H0 
coset OY O 
33K ti 
(Riemer-Tiemann 
hicylaldehyde 


Phenol 


О 


Or Assertion Phenol is more stronger acid than 


ethanol. 
Reason Phenoxide ion ism 
stabilised than phenol. 
Assertion Phenol is acidic 
with Na (metal). 

Reason 


ore resonance 


in nature as it reactS 


ONa 


OH 
© + 2Na -O +H: 


Phenol 


15 Assertion p-nitrophenol, o-cresol and phenol in 
the increasing order of acidic strength. 


Reason p-nitrophenol > phenol > o-cresol. 
Assertion The intermediate formed after the 
loss of H* ion from phenol. 


Reason Phenoxide ion is formed as 


intermediate. 
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ASSERTION and REASON 


а Directions (Q. Nos. 17-22) Zn the following 
questions. an Assertion (A) is followed by a corresponding 
Reason (R) Use the following keys to choose the 
appropriate answer. | 
(а) Both (A) апа (R) are correct, (В) is the correct 
explanation of (A). | 
(b) Both (A) and (R) are correct, (В) is not the 
correct explanation of (A). 
(c) (A) is correct; (R) is incorrect. 
(d) (A) is incorrect; (R) is correct. 


17 Assertion (A) Carbon oxygen bond length of 
phenol is slightly less than that of methanol. 


Reason (R) There exist a partial double 
bond character and sp?-hybridisation of 


carbon to which oxygen is attached in 
phenol. 


18 Assertion (A) In alcohols, the boiling point 


decreases with decrease in branching of the 
carbon chain. 

Reason (R) There is the decrease in van der 
Waals' forces between the number of carbon 
atoms with decrease in the surface area. 
Assertion (A) Alcohols and phenols are 
soluble in water. 

Reason (R) There occurs a dipole-dipole 
interaction of OH group of alcohol and 
phenol with water molecules which is 
responsible for their solubility in water. 


20 


Assertion (A) o-nitrophenol is less volatile 
than p-nitrophenol. 
Reason (R) There is intramolecular 


hydrogen bonding in o-nitrophenol and 
intermolecular hydrogen bonding in 


p-nitrophenol. 


21 


Assertion (A) Bromination of phenol takes 
place even in the absence of Lewis acid. 


Reason (R) In phenol, OH group attached to 
benzene ring has highly deactivating effect. 


22 Assertion (A) Addition reaction of water to 
but-1-ene in acidic medium yields 


butan-2-ol. 
Reason (R) Addition of water in acidic 


medium proceeds through the formation of 
primary carbanion. 
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VERY SHORT ANSWER Type Questions 


23 What is the IUPAC 
compounds? 


24 


30 
31 


name of the following 


(i) CH, — CH— CH, (ii) CH;CH,CH, —OCH,CH, 


OH H OH 


Name the starting material used in the industria 
preparation of phenol. 


Give reason. 
The boiling points of alcohols decreases with 
increase in branching of the alkyl chain. 


Name a reagent which converts 1° alcohols 
exclusively to corresponding aldehydes. 


What is the order of reactivity of HCl, HBr and HI 
with alcohols? 


How will you confirm that whether a given -OH 
group is alcoholic or phenolic? 


Why aryl halides cannot be used for the formation 
of ethers? 


Why are higher ethers insoluble in water? 


Name the products obtained when anisole is heated 
with HI. 


SHORT ANSWER Type I Questions 


32 
33 


34 


35 


36 


What is the order of acidic character of 1°, 2° and 3 
alcohols? Give reason. 


Why are alcohols and phenols soluble in water? 


. What happens to their solubility when bulky alkyl 


groups are present in them? 


What is the main product obtained when vapours of 


t-butyl alcohol are passed over copper at 573 K? 
Give reaction also, 


Name the compound with molecular formula C;H:0 
which on treatment with Вг, water, readily gives 4 
precipitate of CiH;OBr,. 


In the reaction, 
2 ts 
Five such produc 


CH; 
—{ - -Br,, CCl 
EL 9 A r2 4, 
H3C’ . "oH * ў 
are possible 


How many isomer(s) of Ais/are possible? 


How will you distinguish between the following 
compounds? 


OH OH 
д апа e 


C4HgBr. 


ycohols, Phenols and Ethers 
і 


$ Methyl tertiary butyl ether is an important 
additive of gasoline. How it can be prepared 
using Williamson's synthesis? 
39 What happens when anisole is heated with HI? 


40 Iso-propyl benzene is oxidised in the presence 
of air to compound A. When compound A is 
treated with dilute mineral acid, which 
aromatic compound is formed? 

Explain why alcohols do not react with NaBr 
but when Н,50, is added, they form alkyl 
bromides? 


42, Arrange the following compounds in the 
decreasing order of their boiling points. 
O—CH3 


— 


4 


C,H;—O—C,H; , CH3—0—0C5H;: 
Ф е, 11) qm. 


SHORT ANSWER Туре II Questions 
43 Give the reaction of alcohols with phosphorus 
trihalides and hydrogen halides. 


44. Complete the following equations and name 
the products formed. 


(i) C,H,OH «Br, 5 (ii) (CH) C0 ——> 
(iii) CgH,OH+ CHCl, —4 8 , 
340K 


45 How will you convert 
(i) phenol to 4-bromophenol? 
(ii) phenol to 2-hydroxy benzoic acid? 


46 (i) How will you distinguish between the 
following pair by suitable chemical tests? 
butan-1-ol and butan-2-ol 


(ii) Complete the following reaction: 


HOCH, —CHOH—CH,OH +» 


47 Why 2,4,6-trinitrophenol is a strong acid? How is 


it prepared from phenol? 


48 How does Lucas reagent help in the distinction of 


primary, secondary and tertiary alcohols? Discuss 
the reactions involved. 


49 Give the industrial uses of methanol and ethanol 


(i) How can diethyl ether be prepared from the 
following? 
(a) Ethyliodide (Ы) Ethyl alcohol 
Write the chemical equation in each case. 

(ii) How is ethyl alcohol obtained from molasses? 


LONG ANSWER Type Questions 


(i) How is phenol obtained from (a) aniline (b) 
benzene sulphonic acid? 

(ii) How it can be converted into (a) salicylaldehyde 
(b) benzoquinone (c) toluene? 


(i) Identify the product when 


CH,CH=CH—CH,— CH, ER CH, reacts with 
following reagents: 
(a) LiAIH, /D;O 
(b) NaBH, 
(c) C,H;MgBr 
(ii) Write the structure and mechanism of 
the product formation in the following reaction: 
Ph 


ANSWERS 


l.() 2, (a) 


3, (a) During dehydration of alcohol to alkene by heating 
15 on cone, H,SO,, the initial step is protonation of 
alcohol molecule. 


4 (d) 5, (p) 
6 (a) (i) CH,CH,CH(OH)CH, (Secondary) 
(ii) (C,H,), COH (tertiary) 


OH 
(iii) CY (It's phenol and not alcohol) 


^^ 
PhCH, — 0— CH Si, 
Ph 
оң 
(iv) CH; (Secondary) 


7 (b) This conversion can be carry out by the NaBH, because 


it can reduce ketone inte alcohol, 


8 (a) With Lucas reagent, tertiary alcohols react immediately 


as they form tertiary carbocations which are the most 
stable. Hence, turbidity is observed in seconds. 


9 (b) Aqueous bromine. 
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10 (d) OH 
Om. dil. HNO, =). Q^ 
Phenol #hitraphene, 
NO, 
p-nitrophenol | 
11 () OH 
Ow Q^. б 
———À.. 
273 К 
_o-bromophenol 
(minor) 
(X) p-bromophena 
rf i (major) .. 
Q 4; 
12 (d) 
OH ; 
O2N @ МО» 
МО» 


2,4,6-trinitrophenol (Picric acid) 
Or (a) o-nitrophenol. ; 
13 (а) А is false but (Б) is true. 


Or (a) OH ер 
© = (О) += 


Phenol Phenoxide ion 


Phenoxide ion is more resonance stabilised than phenol. 
C,H,OH <= CH,CH,— O +H" 

Ethanol Alkoxide ion’ 4 
No, resonance stabilisation for alcohol or alkoxide ion. 
Both (A) and (R) are true and (R) is the correct 
explanation of (A). 

14 (a) Both (A) and (R) are correct and (R) is the correct 

explanation of (A). 
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on (EWG) © 


o-nitrophenol Phenol 


CH; (EDG) 


15 (a) 


o-cresol 


Both (A) and (R) are correct and (R) is the correct 
explanation of (A). 

16 (a) Both (A) and (R) are corect and (R) is correct 
explanation of (A). 

17 (a) In phenols, the — OH group is attached to 
sp’-hybridised carbon atom of an aromatic ring. As а 
result, a partial double bond exist between C—O bond. 
So, the carbon oxygen bond length (136 pm) in phenol; i 


slightly less than that in methanol. Hence, both (A) and 
(R) are correct and R is the correct explanation of (A), 


18 (d) The boiling point of alcohols and phenols increases 
with increase in the number of carbon atoms (increase in 
van der Waals’ forces). In alcohols, the boiling point 
decreases with increase of branching in carbon chain 
(because of decrease in van der Waals’ forces with 
decrease in surface area). Hence, (A) is incorrect but (R) 
is correct. 


19 (с) Solubility of alcohols and phenols in water is due to 
their ability to form hydrogen bonds with water 
molecules. 

The solubility decreases with increase in size of the 
alkyl/aryl groups. Several lower molecular mass alcohols 
are miscible with water in all proportions. Hence, (A) is 
correct but (R) is incorrect. 


20 (d)o-nitrophenol is more volatile due to intramolecular 
hydrogen bonding, while p-nitrophenol is less volatile 
due to intermolecular hydrogen bonding which causes 
the association of molecules. Hence, (A) is incorrect but 
(R) is correct. 

So 
o=n Os й 


o-nitrophenol (intramolecular H-bonding) 
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o 0 31 Phenols is formed. 
NZ 0 
---H У (С) 32 Refer to text on page 268. 


Ale 


О paltophenol 0 33 Refer to text on page 267. 
(intermolecular H-bonding) 34 Refer to text on page 271. 
21 (c) Incase of phenol, the polarisation of bromine 35 Hint C,H,CH,OH 
molecule takes place even in the absence of Lewis acid. 36 Hint 2 isomers are possible. 


It is due to the highly activating effect of OH group 


attached to the benzene ring. Hence, (A) is correct but 37 Hint Phenol gives violet colouration with FeCl, solution 


(R) is incorrect. while cyclohexanol does not react. 
22 (д Addition of water to but-1-ene in acidic medium 38 Refer to text on pages 288. 
yields butan-2-ol. It is as follows : . 39 Refer to text on page 290. 
CH, —CH, —CH= CH, + Ho H 550, 40 Hint Compound is phenol 
Ви-1-епе 41 Hint ОН being a strong base is а bad leaving group. 
When H,SO, is added, protonation of alcohol occurs ie 
| -OH is converted into -OH,. 
OSO,H 42 Refer to text on page 288. 


CH, — СН, — CH— CH, + H,SO, | 43 Refer to text on pages 269 and 270. 
| 44 (i) Refer to text on page 272. 


Жы о (i) Refer to text on page 265. 
Addition of H,O to unsymmetrical alkenes takes place (iii) Refer to text on page 272. 
in accordance with the Markownikoff's rule via the 45 (i) Refer to text on page 272. 
formation of carbocation. Hence, (A) is correct but (R) is (ii) Refer to text on page 272. 
pane 46 (i) Refer to text on page 271. 
23 (i) Propane-1,2,3-triol (№) Ethoxy propane (ii) Hint CH, —CHI—CH, 
24 Cumene is the starting material used in the industrial | : . 
preparation of phenol. . 47 Due to the presence of electron withdrawing group Refer 


to text on page 272. 
48 Refer to text on page 270. 
49 Refer to text on page 273. 
50 Refer to text on pages 287, 288 and 273. 
51 (i) Refer to text on page 266. 
(ii) (a), (b) Refer to text on pages 272 and 273. 


25 In alcohols, the boiling point decreases with increase of 
branching in carbon chain because of decrease in 
van der Waals’ forces with decrease in surface area. 


26 Hint PCC 
27 HI>HBr>HCl · 
28 Hint Reaction with FeCl, 


OH CH 
Phenol gives positive test while alcohol does not. 3 
29 Aryl halides can not be used for the formation of ethers єнє! 
b d 5e (c) + — 
ecause they are less reactive foward nucleophilic Anhy. AlCl; 
substitution reactions. Phenol Benzene 


30 Higher ethers are immimiscible with Н,О due to the 


52 (i) Refer to text on page 265 and 266. 
Presence of large hydrocarbon part. 


(ii) Refer to text on page 289. 


RELATED ONLINE VIDEOS 


Visit:htps/fyoutube/zkbUKooYg MAAE Visit : htps:/youtubeinavasvarss ERSE 
OR Scan the Code : OR Scan the Code ANA 


Visit : https://youtu.be/SPI7DILFMHg 
Scan the Code 


ALDEHYDES, KETONES 
AND CARBOXYLIC ACIDS | 


The compounds containing carbonyl group, i:e. carbon-oxygen double 
bond (represented as С=О) are known as carbonyl compounds. 
Depending upon the átoms or group of atoms attached on either sides of 
the carbonyl group, carbonyl compounds are divided into three major 
classes, i.e. aldehydes, ketones and carboxylic acids: 


& Go yi С 
] | | 
O 


O O 
Aldehyde Ketone Carboxylic acid 


The carbonyl group is one of the most important functional groups in 
organic chemistry. This chapter will explore the reactivity of these 
functional groups. Specifically, we will see that a wide variety of 


nucleophiles will react with — CHO, ре == О and — COOH groups. 


Many of these reactions are common in biological pathways, including the 
role of B-carotene in promoting healthy vision. They are responsible for 
many flavours and odours such as vanillin, benzaldehyde. The reactions 


and principles outlined in this chapter are central to the study of organic 
chemistry. 1 i 


js CHAPTER CHECKLIST | 


e Aldehydes and Ketones 
‚° Carboxylic Acids | 


TOPIC 1| 
Aldehydes and Ketones 


in aldehydes, the carbonyl group is bonded to а carbon and hydrogen, while in ketones, it is bonded to the two carbon 


atoms. 
eg О О 
энэ | | 
А, £ 
H А“ 
Aldehyde Ketone 


Aldehydes and ketones are the simplest and most important carbonyl compounds. 


NOMENCLATURE 


There are two systems of nomenclature of aldehydes and ketones. These are as follows: 


Common Names P 
Common names of aldehydes are derived from common names of carboxylic acids (—COOH) just by replacing the 
ending ‘-ic’ of carboxylic acid with aldehyde. The location of the substituent in the carbon chain is indicated by Greek 


letters а, B, ү, 8, etc. The a-carbon being the one directly linked to the >c=0 group, В - carbon the next and so оп. 


CHO | K 0 
eg (et СН,СНО. ... PHI CCH 
Y a 
Benzaldehyde Acetaldehyde - B-bromobutyraldehyde 


The common names of ketones are derived by naming the two alkyl or aryl groups bonded to the carbonyl group. 
Alkyl phenyl ketones are usually named by adding the acyl group as prefix to phenone. The locations of substituents are 


indicated by Greek letters ac’, BB’, etc., beginning with the carbon atoms next to the carbonyl group, indicated as 
aa’. 
О 
| 
0 0 C—CH, 
a’ | a a | а Pp 
a, a’-dichloroacetone [-bromoethyl- a- chloromethylketone 
Acetophenone 


IUPAC Names 

The IUPAC names of open chain aliphatic aldehydes and ketones are derived from the names of the corresponding 

alkanes by replacing the ending ‘e’ with Cal’ and ‘-one’ respectively. In aldehydes, the longest carbon chain is numbered 

from the carbon of the aldehyde group whereas numbering starts from the end nearer to the carbonyl group in ketones. 

The substituents, are prefixed.in alphabetical order along with numerals indicating their positions in the carbon chain. 
he same applies to cyclic ketones, where the carbonyl carbon is numbered one. When the aldehydic group is attached 


to a ring, the suffix carbaldehyde is added after the full name of cycloalkane. 
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The numbering of the ring carbon atoms start from the carbon atom attached to the aldehyde group. The nam 
simplest aromatic aldehyde carrying the aldehyde group on a benzene ring is benzenecarbaldehyde or benzaldeh 
However, the common name benzaldehyde is also accepted by IUPAC. 


[| bu l^] ў 
CH3— C— H, CH; — CH,— CH, — CH— CH —C —H, (О) сн сњ 
1 


е of th 


e 
уде, 


Ethanal 3-bromo-2-methylhexan-1-al -phenylpropan-1-one 
CH 
iono f і 
| 
НС — CH;— C — CH — C—H CHO i 
3 2 E cui 2 Я C» А | , занан, 
. Cydohexanecarbaldehyde , _. СН» 4-nitrobenzene 
CHO 3-methylcyclopentanone NO, carbaldehyde 
сњ о сн, OHC—CH,-CH—CH,-cHO . ©! | 
CH; — CH— ССН — СН, dio OW CH— CH, —C— CH, 
2, 4-dimethylpentan-3-one CH; Propane-1,2,3-tricarbaldehyde 4-chloropentan-2-one 


4-methylbenzaldehyde 
(or p-methylbenzaldehyde) 


[Pe 
ом O} C— CH, ERE CH; 
1-(p-nitro) phenyl propan-1-one 
or p-nitropropiophenone 


Common and IUPAC names of some aldehydes and ketones 


Structural formula Common name IUPAC name 
Aldehydes | 
HCHO Formaldehyde Methanal 
CH,— CHO Acetaldehyde Ethanal 
CH,—CH,— CH—CHO A 
ü a-methylbutyraldehyde я 2-methylbutanal 
3 А 

(CH, ),CHCHO 

or iso butyraldehyde 2-methylpropanal 

CH, 
CH, — CH — CHO 

rn СА 

CH,— CH,— CH,— CH,— CHO Valeraldehyde Pentanal 
CH, = CH — CHO Acrolein Prop-2-en-1 -al 

Н CHO id 
CH; =e = a-methoxypropionaldehyde 2-methoxypropanal 


OCH, 


—— 


H3C CHO ds 
(T y-methylcyclohexanecarbaldehyde 3-methylcyclohexanecarbaldehyde 
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“gtructural formula "Eus I | | 
——— ЗЕ Даим, -. 


——— { 


CHO” f. , rire ES 
CHO Phihaldehyde Benzenia-1.2-dicarbalderytte 


ы 
Me anuales 00 == 


CHO 
m-bromobenzaldehyde 3-bromobenzenecarbaidehyds 
or 
Br ! 3-бготобегггібегуба 
Se ee T а аад 
CH,— CH= CH— СНО. Ciolónaldehyde ow HAMLE: Zs 
CH=CH—CHO É 
| i - Cinnamaldehyde 3-phenylprop-2-enal 
Ketones = 
CH,COCH, Acetone Propancne -N 
CH; ECHA на E 
сњ is _ | m CH, = Diisopropyl ketone 2, 4-dimethylpentan-s-one 
CH, | | 
| Mesity oxide l 4-methyipent-+-en-2-one 


CH,—C=CH— СОСН, 


0 
Qi a-methylcyclohexanone 2-methy!cyciohexanone 


EXAMPLE |1| Draw the structures of the following compounds. 


(i) a.-methoxypropionaldehyde (ii) 3-hydroxybutanal 
(iii) 2-hydroxycyclopentane catbaldehyde (iv) 4-oxopentanal 
(v) Di-sec-butylketone (vi) 4- fluoroacetophenone NCERT Intext 
CHO O^. | 
Sol ()CH, — CH—C—H (a-methoxypropionaldehyde) 
CHO 
OH (0) Л 


(ii) П ИЕ 27 (3-hydroxybutanal) (0) —OH (hydroxycyclopentane carbaldehyde) 
4 3 2 1 


0 со CH, 


| 
(iv) CH, l сн—сь„—с—н@ -oxopentanal) — (V) CH, —CH, — CH —C— CH —CH,—CH, 
(MV ; и ! (Di-sec-butylketone) 


] 
(vi) CH,C Ly (4- fluoroacetophenone) 
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STRUCTURE OF 
CARBONYL GROUP 


The carbonyl carbon atom is sp” hybridised and forms 


З sigma (с) bonds. The fourth valence electron of carbon 
remains in its p-orbital where it forms a л-Бопа by 
overlapping with p-orbital of an oxygen. The oxygen atom 
also have two non-bonding electron pairs. Thus, carbonyl 
carbon and three atoms attached to it lie in the same plane 
and z-electron cloud is above and below this plane. 

It possesses a trigonal coplanar structure with bond angles of 
120°. 


S 0 Q C000 топа E ee 
sp? “У. G-bond Or P ^c б= & cM 
T (\ (\ | ef < A C 


Orbital diagram for the formation 
of carbonyl group 


Resonance of Carbonyl Group 


The carbon-oxygen double bond is polarised due to higher 
electronegativity of oxygen relative to carbon. As a result, the 
oxygen atom tends to attract the electron cloud of the 
п-Бопа towards itself due to which carbonyl-carbon acquires 
partial positive charge and oxygen carries a small negative 
charge. 

Hence, the carbonyl-carbon is an electrophilic (Lewis acid) 
and carbonyl-oxygen a nucleophilic (Lewis base) centre. 
Carbonyl compounds have substantial dipole moments and 
are polar than ethers. 


The high polarity of the carbonyl group can be explained on 
the basis of resonance involving a neutral (A) and dipolar (B) 
structures as shown below: | 


I T 
С С? 
Z/N ZN 
(A) (B) 


Resonance involving neutral (A) 
and dipolar (5) structures 
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PREPARATION OF 
ALDEHYDES AND KETONrs 


Some important methods of preparation of aldehydes 
and ketones are discussed below: 


Preparation of Both 
Aldehydes and Ketones 


These are prepared by the following methods: 


(a) From Alcohols 
By the Oxidation of Alcohols 


· Aldehydes and ketones can be prepared by the 


oxidation of alcohols with К,Сг,О, /H,SO, or 
KMnO, /KOH. 
RCH;OH + [О] 5€507H50«, p — CHO + H,O 
1° alcohol Aldehyde 
R 


\ 
DEHOH + [oj "0790, 


R 2° alcohol - 


Note The aldehydes formed in the above reaction are readily 
oxidised to carboxylic acids if allowed to remain in the 
reaction mixture . Therefore, the aldehydes are distilled off 
as soon as they are formed. 


By the Catalytic Dehydrogenation of Alcohols 


This method is suitable for volatile alcohols and has 
industrial application. In this method, alcohol vapours 


are passed over heavy metal catalysts (Ag or Cu) 
ас573 К. 


R—CH,OH S4523K, R CHO + н, 


1° alcohol Aldehyde 
R 
N R 
„нон -Cu/573 қ Nc=o +H 
2° alcohol А Ketone 


М dehydes; Ketones and Carboxyli¢ Acids 


(b) From Carboxylic Acids 
) By passing vapours of carboxylic acids over 
: anganous oxide at 573 К. 
HCO[OH + Hcoo]H 257K , 
Formicacid ‚Ңң 

C=0+H,0+CO, 
u^ 
Formaldehyde 


CH3CO[OH + Hcoo]H MnO, 573 K 


Acetic acid Formic acid 
е мі 
С=0+Н,0 + СО, 
H^ 
Acetaldehyde 


(b) By the dry distillation of calcium salt of fatty acids. 


H|COO Nen 
)Ca|-4-», HCHO + CaCO; 
HCO\O Formaldehyde 


Calcium formate 


СНСОО ООСН 
| b Ca +t с —, 
CH4COO 2. ООСН" 


Calcium acetate Calcium formate 
H3C 
2 C—0: 2&0; 
H 
Acetaldehyde — . 
CH;CO|O Н.С 
=e uu, $N c=0+ CaCO; 
СНСОО H3C 
Calcium acetate Acetone 


Note This method is not suitable for the preparation of aldehydes 
except HCHO, since the yields are low. 


(c) From Hydrocarbons 
By the Reductive Ozonolysis of Alkenes 


Ozonolysis of alkenes followed by the reaction with zinc 
ust and water gives aldehydes, ketones or both 
depending on the substitution pattern of the alkene. 


\ 1 


JN эмо WN 

Ch cu, ==, сӯ, | Єн;———э2 х=о 

Ethene | [ДИ] | чеп H 
07—0 


FM Formaldehyde 
Ethylene ozonide 


/ X +0; ——3 Мы 
H H i u^ | т. | 
But-2-ene 0—0 
Burylene o1nnide 
bd ‘ane 5 
7 ?* u^ idi 
Acezaldehyde 
` О , iE 
НС; р, CHs Nae ie 
= CH;Cl С' 
C= 3 tO c7 vs “сн 
2, 3-dimethylbut-2-ene К. M 
= E eig 
з анс 
Acetone 


By the Hydration of Alkynes 


Addition of water to ethyne in the presence of dil. 
Н,50, and HgSO, gives acetaldehyde. АШ other alkynes 


give ketones in the reaction. 


CH | CH; 
I + H,O Dil. H504, | 


H;C 
Donnan CE 
2+ y 
Hg **, 333 К H H 


CHO 
Acetylene (Unstable) Accraldehyde 
OH 
| 
0—6 +H.0 > |CH3—C=CHp 
CH Unsuble 
Propyne О 


From gem-Dihalides 


By the hydrolysis of gem-dihalides in aqueous KOH, 
aldehyde and ketones are obtained. 


Cl 
CH;CH,CH d + 2 NaOH 
NGI | | 
1, 1 dichloropropane 
pou 
CH;CH,CH 
NOH -ңо 
СН;СН›СНО 


Acetaldehyde 
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HC Cl 4, H3C. JOH 
E + 2KOH (aq) KG, JY & 
HiC^ “а H3C7 Хон 
2.2-dichloropropane (Unstable) 
umo, BON 

H4C^ 

Acetone 


Preparation of Aldehydes (Specifically) 


Some important methods for the preparation of only. 
aldehydes are given below: = 


From Acyl Chloride (Rosenmund's Reduction) 


Acyl chloride or acid chloride is hydrogenated in the 
presence of palladium catalyst supported over and 
partially poisoned by the addition of sulphur or barium 
sulphate. This reaction is called Rosenmund reduction. 


| н, | 
CH; —C—cl > CH — CH 
Acetyl chloride Р/Ва504, S Acetaldehyde 
Ї 
С CHO 
ч Br s 
а Pd/BaSO,,S 
Benzoyl chloride Benzaldehyde 


Formaldehyde cannot be prepared by this method because 
formyl chloride, HCOCI is unstable at room temperature. 
BaSO, and sulphur acts as а Poison to the Pd catalyst and 


thus, prevents the aldehyde from being further reduced to 
alcohols. 


From Nitriles and Esters 
Nitriles are reduced to corresponding imine with 
stannous chloride in the presence of hydrochloric acid, 
which on hydrolysis give corresponding aldehyde. 
RCN + SnCl,+ HCI — RCH=NH 9 RCHO 
Nitrile Imine Aldehyde ` 
This reaction is called Stephen reaction. 
Alternatively, diisoburylaluminium hydride, 


[(CH,);CHCH,],AIH is abbreviated as AIH G-Bu), or 
DIBAL-H is used to reduce nitriles (selectively) 


б? 


to imines 
which upon hydrolysis give aldehydes. 
(i i-Bu ij 
RON E, RCH=NH— 9150 асно 
Imine Hydrolysis Aldehyde 
+NH, 
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(i) AIHG-Bu), 


CH, —CH=CH—CH ;CH;CN (ii) H20 


Hex-4-*en--nitrile ` 
CH; —CH=CH—CH СН 2—CHo 
Hex-4-en-l-al 


Similarly, esters are also reduced to aldehydes with 
DIBAL-H. +.. О 


(i) DIBAL-H 
CH CH) sae OCH; ено " 
Ethyl undecanoate | | | 
| CH; (CH;),—C— gu 
From Hydrocarbons : Undecanal 


Aromatic aldehydes (benzaldehyde and its derivatives) are 
prepared from aromatic hydrocarbons by the following 
methods: 


By the Oxidation of Methylbenzene 


Strong oxidising agents oxidise toluene and its derivatives 
to benzoic acid. In this method, oxidation is stopped at 
the aldehyde stage with suitable reagents that converts the 
methyl group to an intermediate that is difficult to 
oxidise further. Following oxidising agents are used for this 
purpose. 


Use of Chromyl Chloride (CrO 2С1,) 


Chromyl chloride oxidises methyl group to a chromium 
complex which on hydrolysis gives corresponding 
benzaldehyde. This reaction is called Etard reaction. 


CH3 РА CH(OCrOHCI,); 
+ СОС —32, 
Chromyl 


Toluene chloride Chromium complex 


CHO 
H3O* 
——À3 


Benzaldehyde 
Use of Chromic Oxide (CrO 3) 


Toluene ог substituted toluene on treatment with CrO; in 
acetic anhydride, gets converted to benzylidene diacetate. 
The reaction can be depicted as: 


CH3 
CY + CIO; + (CH3CO),0 -273-283 Ку. 
Chromic 


Toluene oxide 
CH(OCOCH,), CHO 
H30 
А 
Benzylidene diacetate 


Benzaldehyde 
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By side Chain Chlorination followed by Hydrolysis 
диеп on chlorination gives benzal chloride, which on 
drolysis gives benzaldehyde.’ This reaction is a 
mmercial method for the manufacture of 


penzaldehyde. 
The reaction can be depicted as: 
CH; CHCl, 
Cl;/hv 
———À 
Toluene Benzal chloride CHO 
2 
373 K 
Benzaldehyde 


This is a commercial method for the manufacture of 
benzaldehyde. | 

Ву Gattermann-Koch Reaction 

When benzene or its derivative is treated with carbon 
monoxide and hydrogen chloride in the presence of 
anhydrous aluminium chloride or cuprous chloride, it 
gives benzaldehyde or substituted benzaldehyde. This 


reaction is known as Gattermann-Koch reaction. 


| CHO 
CO, НСІ 


Anhyd. AICI;/CuCl 
Benzaldehyde 


Benzene : 


Preparation of Ketones (Specifically) 


Some important methods for the preparation of ketones . 
are given below: ү 


From Acyl Chlorides 


Acyl chlorides, on treatment with dialkylcadmium gives 
ketones. 


2R—Mg—X +CaCl, 2S) R,Cd +2Mg(X)CI 


Grignard reagent Dialkyl 
cadmium 
2R' Dry ether 
| Dialkyl cadmium 
О 
2R'—C—R +CACl, 
О | 


О 
Dry еї 
eg. осн, Са + (CH,CH,),Cd — —9 
Acetyl chloride Я Diethyl cadmium 


| 
2CH, —C—CH,CH, +CdCl, 


Butanone 


From Benzene or Substituted Benzene 
When benzene or substituted benzene is treated with acid 
chloride in the presence of anhydrous aluminium 
chloride, a corresponding ketone is obtained. This 
reaction is known as Friedel-Crafts acylation reaction. 


О 


| 


| С 
b^ 
C m a Anhyd. AICI; CY ArlR 
C$; 


From Nitriles 
When a nitrile is treated with Grignard reagent followed 
by hydrolysis yields a ketone. 
CcHsMgBr + CH3—CH;C=N "> 
ММеВг 
Z £ 
CH,CH;— Cf, BS, CHiCH,—C*, 
СН; 


O 


Propiophenone СН; 
(1-phenylpropanone) 


PHYSICAL PROPERTIES 


The physical properties of aldehydes and ketones are as 
follows: 


Physical State 
Methanal is a gas at room temperature. Ethanal is a 
volatile liquid. Other aldehydes and ketones are liquid or 


solid at room temperature. 


Boiling Points 

Boiling points of aldehydes and ketones are higher than 
hydrocarbons and ethers of comparable molecular masses 
because weak intermolecular association arises due to 
dipole-dipole interactions. Also, their boiling points are 
lower than those of alcohols of similar molecular masses 
due to the absence of intermolecular hydrogen bonding. 


Solubility | 

Lower members of aldehydes and ketones like methanal, 
ethanal and propanone are miscible with water in all 
proportions because they form hydrogen bond with water. 


ñ- 
рш, "P À R 
VEs ы B47 NE &- 9v 
CSSQ7H Hz-0- 
R PA H-bonds Ps Np 


However, the solubility of aldehydes and ketones 
decreases when the length of alkyl chain increases 
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All aldehydes and ketones are fairly soluble in organic 


solvents like benzene, ether, methanol, chloroform, etc. 


Odour 


Lower aldehydes have sharp pungent (unpleasant) odours. 

The odour becomes less pungent with increase in molecular 

size. Many naturally occurring aldehydes and ketones are 
used in blending of perfumes and flavouring agents. 


CHEMICAL REACTIONS 


Aldehydes and ketones are highly reactive compounds. 
Since, both of these possess the same functional group, 
i.e. polarised carbonyl group, they undergo a number of 
common reactions. 


RG a a- RNa s- 
pos О C=O 
H^ 
Aldehyde Ketone 


Some important reactions of aldehydes and ketones are as 
follows: | 


Nucleophilic Addition Reactions 


Both alkenes and carbonyl compounds, i.e. aldehydes and 
ketones are unsaturated compounds. However, unlike 
alkenes which undergo electrophilic addition reactions, 
aldehydes and ketones undergo nucleophilic addition 
reactions. 


Mechanism 


Carbonyl group being polar (due to greater 
electronegativity of oxygen as compared to carbon), behaves 
as an electrophile in the presence of nucleophile. 

Thus, the nucleophile readily attacks the electrophilic 
carbon atom of carbonyl group in the direction 
perpendicular to the plane of sp?-hybridised orbitals of 
carbonyl carbon. 


Addition product 
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The hybridisation of carbon changes from sp?to sp? in this 
process and tetrahedral alkoxide intermediate is formed 
The intermediate then picks up a proton either from the 
solvent (usually H,O) or from the reagent to give electrical] 
neutral addition product. The net result is addition of 


Ми and Н“ across the carbon oxygen double bond. 


Relative Reactivities 


Aldehydes are more reactive towards nucleophilic addition 
reactions than ketones due to the following reasons: 


(i) Inductive Effect 


Since, an alkyl group has electron donating (+/) inductive 
effect. Hence, greater the number of alkyl groups 
attached to carbonyl group, greater the electron density 
on carbonyl carbon. Thus, it lowers the attack of 
nucleophile that results in a decrease in reactivity. 


`\ N 
C=O > С =O > C=O 
H^ H^ R^ 
Formaldehyde Aldehyde Ketone 
(i1) Steric Effect 


As the number of alkyl group attached to carbonyl 
carbon increases, the attack of nucleophile on carbonyl 
group becomes more and more difficult due to steric 
hindrance. Therefore, due to the presence of two bulky 
alkyl (or R) groups, the attack of nucleophile is hindered 
and hence, ketones are less reactive than aldehydes. 


Thus, the reactivity of the following carbonyl compounds 
decreases : - 


a WP JPG — doc 
/ 4^ 75 Hy 
Formaldehyde ^ Acetaldehyde Acetone 
сњ С 
CH3—CH oier 


> C=O > Pa 


CH4—CH CH3— С — СНз 
| 
CH3 CHs ut 
Diisopropyl ketone Di-£ert-butyl keto 
Reactivity of Aromatic 
Aldehydes and Ketones 


In general, aromatic aldehydes and ketones are less i» 
than the corresponding aliphatic analogues because elect? 
donating resonance effect (+R-effect) of the benzene ring 
increases the electron density on the carbonyl carbon. 


——————— 


y dehydes Ketones and Carboxylic Acids 


makes the carbonyl carbon less electrophilic. 


This S 


Q: (e 
q | 
СН —— C—H 
2 Ф 
However, amongst aromatic aldehydes and ketones, 


„romatic aldehydes are more reactive than alkyl aryl 
ketones which in turn are more reactive than diaryl 


ketones. , 

с,Н;СНО>С,Н;СОСН, »C(H,COC(H; 
some Important Examples of 
Nucleophilic Addition Reactions 
Addition of Hydrogen Cyanide (HCN) 
Aldehydes and ketones on reaction with HCN give 
ganohydrins. This reaction is very slow with pure HCN. 
Go, it is catalysed by a base and the generated CN” being 
a stronger nucleophile readily attacks on carbonyl-carbon 
to yield corresponding cyanohydrin. 


А E 
нфн-Ссм = :CN+H,0 


Na Ө харе ae EN ME 
AO CN | Ron Ho СУ 
2 
Ye CN or HCN CN 
Aldehyde/Ketone Tetrahedral intermediate Cyanohydrin 
H3C _ 949 H3C OH 
| Sc=0+HON ЧЫ муг. 
Н H CN 
Acetaldehyde Acetaldehyde cyanohydrin 
Cyanohydrins are useful synthetic intermediate. e.g. 
e 
њо —C—COOH 
OH 
a-hydroxy acid 
= CCN 
OH 
Cyanohydrin 


шн, › _C—CH,—NH; 
a р 
В-атіпо alcohol 


Addition of Sodium Hydrogen Sulphite (NaHSO, ) 
Most of the aldehydes and aliphatic methyl ketones which 


Че not sterically hindered, on reaction with NaHSO, give 


Isulphite addition product. 
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050;H 
\c=0+4NaHSO, == SCA V 


-——— 


ДА? 
Proton transfer. N, С ff OSO;Na 
/ Now 
Bisulphite addition 
compound (Crystalline) 
H3C HaC — ,050;Na 
Nc-O04NIHSO,— ^ SCZ 
Acetaldehyde — bisulphite Kicked 
sodium bisulphite 


The position of the equilibrium lies largely to the right 
hand side for most aldehydes and to the left for most 
ketones due to steric reasons. 

The bisulphite addition compound is water soluble and 
can be converted back to the original carbonyl 
compound by treating it with dilute mineral acid or 
alkali. 

Therefore, these are useful for separation and 
purification of aldehydes. 

Addition of Grignard Reagents 

Aldehydes and ketones on reaction with Grignard 
reagent give addition products which upon hydrolysis 
with water or dilute mineral acids give alcohols. 

The type of alcohol formed depends upon the aldehyde 
or ketone used (formaldehyde —> 1° alcohols, other 
aldehydes 

— 2° alcohols and ketones > 3° alcohols, discussed in 


chapter 7). 


: Dy OMgX 
Nèt Ns- ò> ò / 
=O + R—MgX 5855 
А B id Pss 
OH 
н ү/ «MgOHX 
HO / NR 
Alcohol 


Addition of Alcohols 

Aldehydes react with one equivalent of a monohydric 
alcohol in the presence of dry HCI gas to yield alkoxy 
alcohol intermediate known as hemiacetals. 


Hemiacetals on further reaction with one more molecule 
of alcohol give acetals. (Hemiacetals are alkoxy alcohols 


while acetals are gem-dialkoxy compounds). 
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| ў OR' 
Кг a Halt. ^x OP | spon fs 7 
= C=0+ АӦН = =| "c a BR e 
Aldehyde Alcohol 


Acetal 


Hemiacetal 


C,H 
НЗС 8+ ^s- .. . Hd(g HaC« YP 215 
eS +СН:ОН = C + H2O 
/ "* храна УХ 
» H OH 
Ethyl 
alcohol Acetaldehyde 
ethyl hemiacetal 


In this reaction, dry HC] gas protonates the oxygen atom of the carbonyl compound, thereby increasing the 
electrophilicity of the carbonyl carbon and hence facilitating the nucleophilic attack by the alcohol molecule. Ketones, 
however, do not react with monohydric alcohols but they react with dihydric alcohol such as ethylene glycol to give ` 


cyclic ketals. | 
AR. HO—CH; 


R O—CH 
^w 2 
Ee б BREAK но 
R< Ketone HO—CH, ц. R^ SO—CH, 
Ethylene glycol sa к. Cyclic ketal 
e : H3C Ws 1 HO—CH; НСІ gas H3C~_ _7O—CH) 
CT | Lee T e i Dil. HCI С + H3O 

H3C HO—CH; нс осн 
Acetone 2 


Note Acetals.and ketals are hydrolysed by dilute acids and generate original aldehydes and ketones respectively. 


Nucleophilic Addition Elimination Reactions 


These are two step reactions involving addition followed by elimination of some small molecules. Their first step is 
similar to nucleophilic addition reactions. Examples of nucleophilic addition elimination reaction are as follows: 


Addition of Ammonia and its Derivatives 


Aldehydes and ketones react with ammonia and a number of its derivatives, H 2N—Z in weakly acidic medium to form 


compounds containing CEN group. These reactions are reversible and catalysed by acid. The equilibrium favours the 


product formation due to rapid dehydration of the intermediate to form SC=N—Z type compounds, 


OH 
X à; NS | 
C-O nz | c^ —э `C=NZ + H,O 
Y Otay P 


where, Z =H, alkyl, aryl, — OH, — NH;, — NHCONH, and sain ўу—но; 
| O2N 


2 
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The reactions of carbonyl group with substituted N-derivatives can be summarised as; 


и, HNE,—NH) * NH NAL 
H20 + NH DL (Hydrazine) (Ammonia) J C=NH + HO 
Е Imine 


а + R—NH; Мл. 
/С=0 (Атіпе) JEN R+ HO 
Substituted imine 
(Schiff’s base) 


+ NH5— OH 
= C= N—OH + HjO 


Oxime 


(Phenylhydrazone) (Hydroxylamine) 


+Н,О © 


| j * HjN-NH-(O) 
(О)-ан-н=с‹ (Phenylhydrazine) « 


l О 
+НМ—НМ—С—МН; \ | 
(Semicarbazide) = / Ра 2105 кн 


ON 


мон) ОМ 


аатор Базе 7C те NH O}-NO> 
ЖК, E EO а ЧЕМ 


Note 2,4-dinitrophenyl hydrazine is Brady's reagent. Aldehydes and ketones react with it to form yellow, orange or red ppt. cf 2.4-dinitropheny! 
hydrazone. These are useful for the characterisation of aldehydes and ketones. 


EXAMPLE |2| Predict the products of the following reactions: 


5 NO, 
о 
0 CY ьон М (i) Cy Инын = 
iid “ | О 
' 0 | 
| 


GS 
" * : CH: i H* 
(ii) R—CH —CHCHO + NH, — C—NH—NH, —— (iv) Di 3 + CH3CH)NH,—2_, 


же ee ЖЕНЫ 1 


Elimination of HO from carbonyl and amine group and formation of C = N bond. | 


nr----- 


| © + HjN—OH N „МОН 
Sol, (i) 6042 H' 
Hydroxyl] | ——À 
amine -H0 ` 


Cyclopentanone Cyclopentanone 
| oxime 
О, | NO, 
„9+ HIN—NH NO, N—NH NO, 
(ii) H’ 
96° 
Cyclohexanone 2,4-DNP 2,4-DNP 


derivative of 
cyclohexanone 
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| 
(ii) R— CH =CH—CHO+H,N—NH—C—NH, 


Unsaturated aldehyde Semicarbazide 
О 
"dr, Ric Ge CH ort Ён e NH, 
“нә Semicarbazone 
C= [0+ HINCH,CH, i o? 
(iv) Ethylamine CE 
? 
Acetoph 
CUTE C —NCH,CH, 
Schiffs base 
Note Reaction (ii) is used to test the presence of carbonyl group. 
Oxidation 


Aldehydes differ from ketones in their oxidation reactions. 
Aldehydes are easily oxidised to carboxylic acids containing 
the same number of carbon atom because aldehydes contain 
H-atom attached to carbonyl group, which can be converted 
into —OH group without involving the cleavage of any ' 
other bond. Thus, they are oxidised not only by strong 
oxidising agents like HNO,, KMnO; and K,Cr;O; but 
also by weak oxidising agents like Tollen’s reagent, Fehling’s 
solution and Benedict’s reagent. 
R—CHO—2, R—COOH 


Unlike aldehydes, ketones do not contain H-atom attached 
ro 5 C—O group and hence, they cannot be oxidised by 
weak oxidising agent. These are generally oxidised by 
strong oxidising agents like HNO,, acidified KMnO4, 
acidified К,Сг,О at high temperature. Their oxidation 
involves carbon-carbon bond cleavage with the formation 
of a mixture of carboxylic acids each containing lesser 
number of carbon atoms than the original ketone. 


1 2 „3 
ыл жы —BE9L, R—COOH + 


R—CH,COOH 

(By cleavage of Cj —C bond) 

Or R—CH,COOH + А'—– СООН 
(By cleavage of C; — Сз bond ) 


O 
[| n 
Ubec-cHaes[oj ЕНЕ, 


G C) 
HCOOH + CH;—COOH 
(1C) (2C) 
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О 
|| K;Cr,O, 
CH;— Се CH -— CH — CH H,SO, > 
Pentan-2-one 
С Ge, CH COOH + CH;— CH;— Cog, 
cleavage Acetic acid Propionic acid 
(Major product) (Minor product) 
[C= Gabond, HCOOH + CH3CH2CH,COoy 
cleavage Formic acid Butyric acid 


i , eg. tan-2-on 
te In case of unsymmetrical ketones e.g. pen "Опе, the 
"e keto group stays preferentially with smaller alkyl group 


(Popoff’s rule). 
The mild oxidising agents given below are used to 
distinguish aldehydes from ketones. 


Tollen’s Test 
Tollen’s reagent is an ammoniacal solution of silver 


nitrate. 

When an aldehyde is heated with freshly prepared 
Tollen’s reagent, a bright silver mirror is produced due 
to the formation of silver metal. Aldehydes are oxidised 
to the corresponding carboxylate anion. 


The reaction occurs in alkaline medium. 


RCHO 32[Ag(NH4);]* +30H7 —*> 
Aldehyde Тоеп" reagent | 


RCOO'-« 2Agl +2Н,О +4№Н, 1 
Silver mirror 
The silver thus formed shines like mirror. Hence, this 
test is called silver mirror test. 


Note Both aliphatic and aromatic aldehydes reduce Tollen’s 
reagent. 


Fehling’s Test 


Fehling’s reagent is a mixture of two solutions, i.e. 
Fehling’s solution A and В. Fehling’s solution A is an 
aqueous copper sulphate and Fehling’s solution B is an 
alkaline sodium potassium tartarate (Rochelle salt). 
These two solutions are mixed in equal amounts before 
test, When an aldehyde is heated with Fehling’s reagent 
a reddish-brown precipitate is obtained. Aldehydes at 
oxidised to corresponding carboxylate anion. 


RCHO + 2Cu** +50H” ^, - + СОЎ 
Aldehyde Fehling’ solution з пеон 
ppt- 


‚ +3Н;0 


Note Aromatic aldehydes do not reduce Fehling's solution. 
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penedict’s Test 
enedict's solution is an alkaline solution of Си? ions 
lexed with citrate ions. (whereas, Fehling’s solution 
isan alkaline solution of Cu * ions complexed with 
rartarate ions.) Benedict's solution reacts in the same way 
к Fehling s solution. 


oxidation of Methyl Ketones by 

galoform Reaction - 

Aldehydes and ketones having atleast one methyl group 
linked to the carbonyl carbon atom (methyl ketones) are 
oxidised by sodium hypohalite to sodium salts of 
corresponding carboxylic acids having one carbon atom 
less than that of carbonyl compound. The methyl group 
is converted into haloform. This oxidation does not affect 
4 carbon-carbon double bond, if present in the molecule. 


О О 
| 


TU | -+ 
R—C— CH, , p — C — ONa + СНХ, 


сй (Х= Cl, Br, I) 
Hy EPA 3 NaOCl 
H,C^ C=C tc? CH; (or СІ,+ NaOH) 
INN | 
O H CH; 
N A = + 
C=C + CHCl 
HC / NC /ONa 3 


id 
‚О 
lodoform reaction with sodium hypoiodite is also used for 


the detection of CH;CO — group or CH,CH(OH) — 
group which produces СН,СО — group on oxidation. 


EXAMPLE |3| Complete the following reaction: 
1, /Na0H 


CH,CH,CH,COCH, 2/80 з 
H*/H;0 
Sol. CH,CH (CH ‚СОСН, 1,/NaOH 
Pentan-2-one H* /H,0 


CH,CH,CH,COOH + CHI, 4 


Butanoic acid lodoform 


Reduction 


Aldehydes and ketones can be reduced to a variety of 
compounds under different conditions. 


Reduction to Hydrocarbons 
E carbonyl group of an aldehyde or ketone is reduced 
à methylene group to form a hydrocarbon. This can be 
“hieved by either one of the following two reactions: 
(8) Clemmensen Reduction It involves the reduction of 
carbonyl group C=O) to >CH 2 group and it is 
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carried ош in the presence of Zn amalgam and conc. 


HCl. 


X- O+ 4[H] Zn-Hg/Conc. НСІ "eh HO 
Hydrocarbon 


It is widely used for the reduction of aldehydes and 
ketones which are sensitive to alkalies. 

(b) Wolff-Kishner Reduction In this method, the 
aldehyde or ketone is heated with hydrazine and 
KOH or NaOH in high boiling solvent such as 
ethylene glycol. It is used when carbonyl compounds 


are sensitive to acids. 


AE —NH, N 
С=О NES , ‘c= N—NH, 
- Hy 
Aldehyde 
or Ketone KOH/A “сн, £N 
. Ethylene glycol / 7 7 
О 1. NH; 
Ссн, C—CH; снн, 
NH, NH, KOH/glycol £N 
-H,O 472K T. 
^^ Acetophenone кт 
HC. | 
| — go О NHNH, СН, — СН, + H,O + №, Ї 
H^ (ii) KOH + glycol, 473K Frhane 
Acetaldehyde 
Reduction with HI and Red P 


Aldehydes and ketones on heating with HI (hydroiodic 
acid) and red P at 423 К are reduced to their 
corresponding alkanes. 

Red P, 423K 


CH,CHO *4HI — ———9 CH, —CH, +H,0+21, 
CH,COCH, *4HI———» CH,CH,CH,  H,O +21, 


ak 


Reduction to Alcohols 


Aldehydes and ketones are reduced to 1° and 2° 
alcohols, respectively. It is carried out either catalytically 
(Н, + Ni Pr /Pd) or chemically (ЧАҢ, or NaBH). 


kcho nh) => &—CH,—OH 


Aldehyde or NaBH, L'akohol 
R Ni or Pt UN uu. су 
Xce04H, —— /°н—ОН 
' y 
2°alcohol 


Ketone 
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Reactions due to a-Hydrogen | 
The aldehydes and ketones undergo a number of reactions due to the acidic nature of a-H which in turn is due to the 
strong electron withdrawing effect of 2С=О group. 


Acidity of a-Hydrogens of Aldehydes and Ketones 


The carbon atom next to carbonyl group is called a-carbon atom and hydrogens attached to a-carbon atom are called 
a-hydrogens. Due to strong electron withdrawing effect of carbonyl group, the a-carbon atom becomes electron 
deficient, which in turn, withdraws electrons from C, —H bond. As a result, the electron density in С, —H bond 


decreases and hence, a-H atom becomes weakly held which can be easily abstracted by strong bases forming enolate ion 
which are stabilised by resonance as given below: 


б: ' ce О: 
Ц |, 1 | | Liss ai] 
—C3C=— | —Ce-C— +> —C=C— 
Com. v* ue 
H :B 


Resonance stabilised enolate anion 


. Thus, strong electron withdrawing effect of carbonyl group and resonance stabilisation of the conjugate base are 


responsible for the acidity of a-hydrogen atoms of carbonyl compounds. The reactions due to a-hydrogens are as 
follows: 


Aldol Condensation 


Aldehydes and ketones containing atleast one а-Н atom undergo a reaction in the presence of dilute alkali as catalyst to 


form В -hydroxy aldehydes (aldol) or B-hydroxy ketones (Ketol). 


2CH; — CHO “ОН CH, сң — CH, — CHO —A CH,— CH=CH — CHO 
Ethanal | j But-2-enal 
. OH ' . (Aldol condensation product) 
3-hydroxybutanal 
(Aldol) 
CH3 CH3 


Ba(OH j 
2CH4— CO — CH, LOLUN СН; — C —CH;CO — CH; => CH, —C = CHCO — CH; 
Propanone * 4-methylpent-3-en-2-one 
OH (Aldol condensation 


(Ketol) product) 
4-hydroxy-4-methylpentan-2-one 


B-hydroxy aldehydes are called aldols while B -hydroxy ketones are collectively called ketols and the reaction is called 


aldol condensation. The name aldol:(or ketol) is derived from the names of the two functional groups, aldehyde 

(or ketone) and alcohol present in the product. Aldols readily lose water to give а, В -unsaturated carbonyl compounds 
which are aldol condensation products. Though, ketones give ketol compounds containing a keto group and alcoholic 
group, yer the name aldol is used for the condensation products of two molecules of ketones due to their similarity 


with aldehydes. 


Note Formaldehyde (HCHO), benzaldehyde (C HCHO) and bénzophenone (C H:COC Hs) do not undergo aldol condensation as they do not 
contain a-H atoms. 
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cross Aldol Condensation 
en aldol condensation is carried out between the two different aldehydes or ketones then reaction is said to be cross 


idol condensation. | 
poth the reactants contain a-hydrogen atoms, the reaction gives a mixture of four products due to self condensation 


If . 
and cross-condensation. 
oo (i) NaOH 
+ + CH;—CH=CH—CHO + CH;CH;—CH =C—CHO : 
CH,CH,CHO (04 ~~ But-2-enal | ; 
(From two molecules CH; › 
Кейш 2-methylpent-2-enal 
| (From two molecules of propanal) 


CH; Simple or self aldol products 


| + 
 CHj7CH-—C — СНО + CH4CH;—CH-—CHCHO 
2-methylbut-2-enal |. Pent-2-enal 


(From one molecule of ethanal 
and one molecule of propanal) 


Cross aldol products 


Ketones can also be used as one component in the cross aldol reactions. Cross aldol condensation reactions are of great 
synthetic use even if one of the carbonyl compounds does not possess a -H atoms. 


eg. 
i 
НОН сн 
Oor Or oe (eme) 
Benzaldehyde ve О | 1, 3-diphenylprop-2-en-l-one 
Acetophenone (Benzalacetophenone) 
(Major product) 
Other Reactions 


Cannizzaro Reaction 
Aldehydes which do not have a-H atom undergo self oxidation and reduction (disproportionation) reactions on 
heating with conc. alkali. In this reaction, one molecule of aldehyde is reduced to alcohol while another molecule is 


oxidised to salt of carboxylic acid. | H 
EN eec CGH Cono (о) => н-с-он + TA 
Formaldehyde ў | кын poe = 
2 ( \ ao + Conc. NaOH — (Opcon i (С)-собм 
Benzyl alcohol Sodium benzoate 


Benzaldehyde 
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Electrophilic Substitution Reactions 
Aromatic aldeh 


ydes and ketones undergo usual electrophilic substitution reactions of the benzene nucleus such as 
halogenation, 


nitration and sulphonation. Since, the aldehydic group and ketonic group are electron withdrawing 
groups, so they act as deactivating and meta-directing groups. 


CHO COCH, 
Conc. H2504 . Conc. H,SO, 
(Sulphonation) Sulphonation 
x SO,H P d 
m-benzaldehyde" ~ 3 m-acetophenone 
sulphonic acid Aldehyde Ketone sulphonic acid 
CHO COCH, 
Conc. HNO; + Н,50; 
H35SO, Nitration NO 
NO» quitration) : 
m-nitrobenzaldehyde Benzaldehyde | | Acetophenone m-nitroacetophenone 
CHO COCH; 
Br 2› 
Anhyd. AlCl; Brz, Anhyd. AlCl4(excess) 
Br Halogenation Halogenation Br 
m-bromobenzaldehyde m-bromoacetophenone 
Uses 


Some of the important uses of aldehydes and ketones are as follows: 


(i) They are used as solvents, starting materials and reagents for the synthesis of other products in chemical industry. 


(ii) Formalin (4096 solution of formaldehyde) solution is used to preserve biological specimens and in making bakelite, 
urea-formaldehyde glues and other polymeric products. 


(ш) Acetaldehyde is used primarily as a starting material in the manufacture of acetic acid, ethyl acetate, vinyl acetate, 
polymers and drugs. 

(iv) Benzaldehyde is used in perfumery and dye industries. Some other are also known for their odours and flavours like 
butyraldehyde, camphor, vanillin, acetophenone, salicylaldehyde, cinnamaldehyde, etc. 


(v) Some of the aldehydes and ketones are used for preparing materials like adhesives, paints, resins, perfumes, plastics, 
fabrics, etc. | 


| TOPIC PRACTICE 1| 


OBJECTIVE Type Questions 
1. Addition of water to butyne occurs in acidic 


medium and in the presence of Hg?* ions as a 


catalyst. The product formed is NCERT Exemplar 
О 


| 
(a) CH,— CH,— CH, — C—H 


О 


| 
(b) CH, — CH,— C— CH; 


О | 


(c) CH; — iig OH + CO, 
О. (0) 
| || 
(à CH,—C— 0H + H—C— H 
In the reaction, 
H,C—CH = CH— _сн,—сн,—СМ 
(i) AIH(i-Bu) 
l (ii) H,0 
Identify the product formed in the given 
reaction. | | 
(а) H,C— — CH,CH;CH;CH;CN 
(b) HC — — CH = CH —CH,CH, CHO 
(с) Н,ССН,СН, CH,CH,CHO 
(d) None of the above 


J. Which of the following compounds is most 9, 
reactive towards nucleophilic addition 
reactions? NCERT Exemplar 
о о °’ 
| | 
(a) CH,—C—H (b CH, —C— CH, 
10. 


d 
(d) Oran 


Which of the following compounds will give 
butanone on oxidation with alkaline KMnO, 
solution? NCERT Exemplar ЇЇ. 
(a) Butan-1-ol 

(b) Butan-2-ol 

(c) Both (a) and (b) 
(d) None of the above 


The reagent which does not react with both, 
acetone and benzaldehyde? NCERT Exemplar 
(a) Sodium hydrogen sulphite 

(b) Phenyl hydrazine 

(c) Fehlíng's solution 

(d) Grignard reagent 

Which of the following reagents is/are used in 
the given reaction? “RCHO —> RCOOH" 

(a) Nitric acid 

(b) Potassium dichromate 

(c) Tollen's reagent 

(d) All of the above 


In Clemmensen reduction, carbonyl compound 


is treated with ........ А NCERT Exemplar 

(a) zinc amalgam + HCI 

(b) sodium amalgam + HCl 

(c) zinc amalgam + nitric acid 

(d) sodium amalgam + HNO, 

Cannizzaro's reaction is not given by ——. 

NCERT Exemplar 

CHO 

(a) (b) CHO 
CH; 

(с) HCHO (9) CH,CHO 


VERY SHORT ANSWER Type Questions 


Write the IUPAC name of the following 
compound. 


5 il 
CH; _ GH, —CH= =CH—C—H 


All India 2012 
Write the IUPAC name of the following compound. 
CH; 
CH, — C— CH—CH; 
cH, Cl All India 2013 


Draw the molecular structure of the compound 
4-methylpent-3-en-2-one. Delhi 2012; Foreign 2012 


Draw the structure of p-methylbenzaldehyde 
molecule. Delhi 2013 


. Draw the structure of 3-methylbutanal.Delhi 2013 
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14. 


15. 


16. 


n 


18. 


20. 


21. 


How will you carry out the following 


conversion? Ethanol to acetone. Delhi 2013 


Write the reagent required in the following 
reaction: All India 2015 
CH; —CH — СНОН — CH, = CH—CHO 
Arrange the following compounds in the 
increasing order of their boiling points. 
CH;CHO, CH,CH;OH, CH4OCH,, CH3;CH;CH; 

NCERT Intext; АП India 2013 
Arrange the following compounds in the 
increasing order of their property as indicated: 
CH;COCH;,C,H;COCH;,CH,;CHO (reactivity 
towards nucleophilic addition reaction) 

All India 2015 


Write the mechanism of the following 
reaction. 


CH4CHO + НСМ $, Ch -en-eN 
OH 


. Predict the product of the following reaction. 


ag E ES 
CH; All India 2015 


Name the reagent used in the following 
reaction. 


CH,—CO— CH, TCH он-он 


OH Delhi 2015 


Give the simple chemical test to distinguish 
between ethanal and propanal. Delhi 2013 


SHORT ANSWER Type I Questions 


22. 


23. 


Consider the following reactions, 


| Ag H, 
(i) Pius, ? 4 


CrO,Cl, —® La Si 


Write the product and name of the reaction. 


What is the use of chromyl chloride in the 
oxidation of methyl benzene? 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 
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Write the structure of major product(s) in the 
following : All India 2019 


| C (i) H2N—NH2 
(i) CH,—CH;— T ^. (ii) KOH, Glycol /heat 
о 


CH; 
| 

(i) CH,—C— CHO „Conc. NaOH , 

| 


CH, 


Draw the structures of products of the following 
reactions. 


(i) ox 


Hs ‘or 
(ii) (СеН:СН,),Са + 2CH,COCI—> 


Hg?* ,H2SO4 
> 


Anhyd.AlCls | 
+c 9 


(iii) CHj— C= CH 


Benzaldehyde can be obtained from benzal 
chloride. Write the reactions for obtaining 
benzal chloride and then benzaldehyde from it. 

| NCERT Exemplar 


Name the electrophile produced in the reaction 

of benzene with benzoyl chloride іп the presence 

of anhydrous АІСІ,. Name the reaction also. 
NCERT Exemplar 


Can Gattermann-Koch reaction be considered 
similar to Friedel-Crafts acylation? Discuss. 
NCERT Exemplar 


Alkenes, pct CC and carbonyl compounds, 


SC= =O both contain a n-bond but alkenes show 
electrophilic addition reactions whereas 
carbonyl compounds show nucleophilic 
addition reactions. Explain. NCERT Exemplar 


Arrange the following compounds in the 
increasing order of their reactivity towards 
nucleophilic addition reactions. 


(i) Ethanal, propanal, propanone, butanone 
(ii) Benzaldehyde, p- tolualdehyde, 
p-nitrobenzaldehyde, acetophenone 
NCERT Intext 
Complete the following reaction sequence. 
T 
СН» —C— CH (i) CH3MgBr 


Na metal 
зно 4— ghe 22 


Ether 


CH, — Br С 


NCERT Exemplar 


aldehydes, Ketones and Carboxylic Acids 


32. Predict the products of the following reactions. 


He—C=0 __HaN—NHa 
(i) CH, | KOH / Glycol, А 
CH, 


Na0H/1 : 
(ii) CeHs— CO— CH, — 792,242. Delhi2015 


33. When liquid '4'is treated with a freshly prepared 
ammoniacal silver nitrate solution, it gives bright 
silver mirror. The liquid forms a white crystalline 
solid on treatment with sodium hydrogen sulphite. 
Liquid 'B' also forms a white crystalline solid with 
sodium hydrogen sulphite but it does not give test 
with ammoniacal silver nitrate. Which of the two 
liquids is aldehyde? Write the chemical equations 


of these reactions also. NCERT Exemplar 
34. Write the equations involved in the following 
reactions : 
(i) Wolff-Kishner reduction. 
(ii) Etard reaction. Delhi 2017 


35. Write the reactions involved in the following 
reactions: 
(i) Clemmensen reduction 
(ii) Cannizzaro reaction . Delhi 2017 


36. Write the structural formulae and names of the 
four possible aldol condensation products from 
propanal and butanal. In each case, indicate which 
aldehyde served as electrophile and which as 
nucleophile? NCERT 


37. Give reasons to support the answer. 


CBSE SQP (Term-II) 
(i) Presence of alpha hydrogen in aldehydes and 
ketones is essential for aldol condensation. 


(ii) 3-hydroxypentan-2-one shows positive Tollen's 
test. 


38. Ethyl benzene is generally prepared by acetylation 


of benzene followed by the reduction and not by 
direct alkylation. Think of a possible reason. 


NCERT Exemplar 


Give the simple chemical tests to distinguish 
between 


(i) pentan-2-one and pentan-3-one 
(ii) ethanal and propanal All India 2013 


39. 


70. 


Complete the following reactions: 


(i) 2H— CH Conc. KOH 


CHO HNOyH;SO, - 
(ii) 273-283K ^ Delhi 2013 
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SHORT ANSWER Туре H Questions 


1 
, 


42, 


43. 


44, 


45. 


46. 


Write the IUPAC names of the following ketones 
and aldchydes. Wherever possible, give their 
common names. 


(i) CH,CO(CH,),CH, 

(ii) CH,CH,CHBrCH,CH(CH,)CHO 
(ili) CH,(CH,),CHO 
(iv) Ph— CH =CH— CHO 


() (yr 


(vi) PhCOPh NCERT 
Draw the structures of the following 
derivatives. 
(i) 2,4-dinitrophenylhydrazone of benzaldehyde 
(ii) Cyclopropanone oxime 
(iii) Acetaldehyde dimethylacetal 
(iv) Semicarbazone of cyclobutanone 
(v) Ethylene ketal of hexan-3-one 
(vi) Methyl hemiacetal of formaldehyde NCERT 


An alkene ‘A (molecular formula С;Н,,) 
on ozonolysis gives a mixture of two 
compounds 'B' and “С. Compound ‘B’ gives 
positive Fehling's test and also forms iodoform 
on treatment with I, and NaOH. Compound ‘C 
does not give Fehling's test but forms iodoform. 
Identify the compounds A, B and C. Write the 
reaction for ozonolysis and formation of 
iodoform from B and C. CBSE SQP (Term II) 
Give the names of the reagents to bring about 
the following transformations: 
(i) Pentan-1-ol to pentanal 

(ii) Cyclohexanol to cyclohexanone 
Which of the following compounds would 
undergo aldol condensation and/or Cannizzaro 
reaction or neither of these two reactions. Write 
the structures of the expected products of aldol 
condensation or Cannizzaro reaction. 

(i) Methanal (ii) 2-methyl pentanat 
(iii) Benzaldehyde (iv) Benzophenone 

(v) Cyclohexanone (vi) 1- phenyl 

propanone 

(vii) Phenyl acetaldehyde (viii) Butan-1-ol 
(ix) 22-dimethyl butanal 


NCERT 
How will you convert ethanal into the following 
compounds? 
(i) Butane-13-diol (ії) But-2-enal 
(iii) But-2-enoic acid NCERT 
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47. An organic compound with molecular formula 
CgH 90, forms 2,4-DNP derivative, reduces 
Tollen's reagent and undergoes Cannizzaro 
reaction. 

On vigorous oxidation, it gives 1,2-benzene 
dicarboxylic acid. Identify the compound. 


All India 2012; NCERT : 


48. Anorganic compound contains 69.77% carbon, 
11.63% hydrogen and rest oxygen. The molecular 
mass of the compound is 86. It does not reduce 
Tollen's reagent but forms an addition compound 
with sodium hydrogen sulphite and gives 
positive iodoform test. 

On vigorous oxidation, it gives ethanoic acid 
and propanoic acid. Write the possible 
structure of the compound. 
NCERT; All India 2009; Delhi 2008 

49. A, Band Care three non-cyclic functional 
isomers of a carbonyl compound with 
molecular formula C,H,O. Isomers A and С 
give positive Tollens' test whereas isomer B 
does not give Tollens'test, but gives positive 
iodoform test. - 
Isomers A and B on reduction with Zn(Hg)/conc. 
HCI give the same product D. | 
(i) Write the structures of A, B, C and D. 

(ii) Out of A, B and C isomers; which опе 
is least reactive towards addition of HCN? 
CBSE 2018 


LONG ANSWER Type Questions 
50. (0 Write the products formed when CH,CHO 
reacts with the following reagents: 
(a) HCN 
(b) H;N — OH 
(c) CH;CHO in the presence of dilute NaOH. 
(ii) Write the chemical equations to illustrate the 
following name reactions. 
(a) Rosenmund's reduction 
(b) Cannizzaro reaction 
(iii) Out of CH,;CH,— CO — CH,— CH; and 
СН:СН,— CH;— СО — CH, which gives 
iodoform test? Delhi 2014 
51. What will be formed, when the following 
reactions occur? 
(i) Oxidation of alcohol 
(ii) Oxidation of methyl benzene 
(iii) Reduction of benzoyl chloride 
(iv) Reduction of cyanide by AIH (i-Bu), and HO 
(v) Dehydrogenation of alcohols 
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52. Predict the products formed when Cyclohey 
carbaldehyde reacts with following reagent, 1“ 
(i) PhMgBr and then H,0° ' 
(ii) Tollen’s reagent 
(iii) Semicarbazide and weak acid 
(iv) Excess ethanol and acid 
(v) Zinc amalgam and dilute hydrochloric 
acid NCE 


53, (i) How will you bring about the following 


conversion in not more than two steps? 
(a) Propanone to propene 
(b) Ethanol to 3-hydroxybutanal 
(c) Benzene to m-nitroacetophenone 
(d) Bromobenzene to 1-phenylethano] 
(e) Benzaldehyde to benzophenone 
(f) Benzaldehyde to a-hydroxy phenylaceti¢ 
acid 
(ii) Arrange the following compounds in the 
increasing order of their property as indicated: 
Acetaldehyde, acetone, di-tert-butyl ketone, 
tert-butyl methyl ketone (reactivity towards 
| HCN) NCERI 
54. Complete each synthesis by giving missing 
starting material, reagent or products. 
(i) C;HCHO H,NCONHNH, 
Benzaldehyde 


, о-оо 


(iii) YA [Ag(NH,),I" 
CHO 


(iv) CHO 
COOH 
(у) CsH;CHO + CH,CH,CHO 2 аон 


WC Yon созуно, | 

кш mcr, _, (Су-е 
aC H y Oo 

(ix) {_у—со + {_у—сосн, эз 


i © + Сону c — c] АВИА y 
| 
О 


NaCN/HC 


|HINTS AND EXPLANATIONS | 


0) put-1-yne on reaction with water in presence of Hg?’ 
) ions aS à catalyst produces butan-2-one, 
чё но pos 


But-1-yne 


1 (а the reaction, 


CH; i CH mE CH — CH, m CH, t CN (i) AIH(i-Bu); 
(i) HO 
CH; — CH = CH— CH, — СН, — CHO 

3, (a) For carbonyl compounds greater the number of alkyl 
group lesser will be its electrophilicity. Hence, 
CH,—CHO is most reactive towards nucleophilic 
addition reaction. 

4, (b) Butan-2-ol on oxidation with alkaline KMnO, solution 
produces butanone as follows 


dd [0] ^ Y CH; 
KMnO, 
OH O 
Butan-2-ol Butan-2-one " 


5, (с) Acetone and benzaldehyde both do not react with 
'Fehling's solution. Fehling’s solution do not react with 
acetone as acetone is an ketone while benzaldehyde is ar 
aromatic aldehyde having absence of a-hydrogen. 

6. (d) Aldehydes are easily oxidised to carboxylic acids on 
treatment with common oxidising agents like nitric acid, 
potassium permanganate, potassium dichromate etc. Even 
mild oxidising agents, mainly Tollen's reagent and 
Fehling's reagent also oxidise aldehydes. 

7. (a) Clemmensen reduction is used to convert carbonyl 


group to CH, group as follows 
Na n 20H 
7C€-0 

Zinc amalgam and НСІ act as reagent in this reaction. 


8, (d) Necessary condition for Cannizzaro reaction is 
absence of a-hydrogen atom. So, CH,CHO will not give 
Cannizzaro reaction while other three compounds have no 
a-hydrogen. Hence, they will give Cannizzaro reaction. 

9. Pent-2-en-1-al 


10, 2-chloro-3,3-dimethylbutane 


NCH, 


I" ou 

1 2 4 5 

п. HyC—C—CH = C—CH; 
4-methylpent-3-en-2-one 
CHO 

12, 
CH; 


P-methylbenzaldehyde 


ie 

4 3 

13, CH, СН — CH, — CHO 
3-methyl butanal 


14. Ethanol to acetone 
CH,CH,OH ——*»CH,CH,C1=+CH,CHCN 
Ethanol 


; HN 
Reduction, CH СН,СН,МН, Ei, 
ra Ale. 
CH,CH,CH,OH———>CH; CH CH, jon” 
ccc, 25 сн, ссн 
О 
Acetone 

15. Chromium base reagent like CrO, can be used for mild 
oxidation. 

16. CH,CH,CH, <CH,OCH, < CH,CHO < CH,CH,0H 
Stronger the attractive forces, higher is the boiling 
point. Hydrocarbons are non-polar having weakest 
attractive forces, ethers are polar and aldehydes have 


strong dipolar interaction. Alcohols have maximum 
intermolecular forces due to the presence of H-bonding. 


17. CJ,COCH, < CH,COCH, < CH,CHO 


*Leffect of phenyl and +Feffect oftwo +Feffect of only one 
methyl groups increases alkyl groups alkyl group and no 
electron density on and steric sterically hindered 
CO group and steric hindrance group, making it 
hindrance caused by these due to two more reactive 

two groups make bulky towards nucleophilic 
nucleophilic attack VET Eripe attack. 

difficult. 


18. HCN+OH == :CN +H,0 


Qa 
нос m 0H;—C—CN == 
b: 


H 
Intermediate oH 


| 
CH— C— CN 


| 
H 


Acetaldehyde cyanohydrin 
H,N—NH 
19, M ы ——— CH, —C=NNH, + H,O 


CH, CH, 
OH 
20. CH,—C— CH, US Cy M —CH 
opanone ! Рторап -2-0] ` 
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21. Iodoform test Ethanal, because of the presence of 
CH,CO — skeleton gives iodoform test whereas propanal 
due to the absence of such a skeleton does not. 


CH,CHO + 4NaOH- 31, — CHI, | 


oe Iodoform 
Acetaldehyde — petes 
+ HCOONa + 3Nal + ЗН,О 
Sodium formate ` Sodium 
| iodide 
CH,CH,CHO + 4NaOH +31, —> No reaction 
Propanal 


22. (i) Refer to text on page 312. 


(ii) Refer to text on page 312. . 
23. Using СО, CI, toluene gets oxidised to benzaldehyde. 


24. Structure of major product 


() CH,—CH,-S6—H — La NES 
|| (ii) KOH, glycol /heat 


(e 
bet A 
CH,—CH,—CH, Or H—C—C—C—H 
Propane | | | 
ннн 
CH, 
` Conc. NaOH 
(ii) Css CHO Lone, Ка”, (CH); COONa + H,O 
CH, 
1 
H H—C—H 
| o 
EN Cae + H,O 
H чен 
н j 


25. (i) Refer to text on page 313. 

(ii) Refer to text on page 313. 
(iii) Refer to text on page 311. 

26. It is the commercial method for preparing benzaldehyde. 
Benzal chloride can be obtained by photochlorination of 
toluene, i.e. chlorination of toluene in the presence of 
sunlight. Then, benzal chloride on heating with boiling 
water, produces benzaldehyde as shown on page 313. 

27. Benzene, on reaction with benzoyl chloride gives 
benzophenone through an intermediate benzoylinium cation. 


О 
Il 
(O- C — СІ + AICI, (anhydrous) —> 
O 
(0) 
©)-* 5 9.9 
с ——— 


Benzoylinium Benzophenone 
cation 


This is an example of Friedel-Craft's acylation reaction. 
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28. In Gattermann-Koch reaction, benzene or its 
\derivative is treated with CO and HCl in the presen 
of anhydrous aluminium chloride to produce. Se 
benzaldehyde. In this reaction, CO and НСІ combin 
to form НСОСІ, i.e. formyl chloride which gets S 
substituted on benzene by the replacement of H-atom, 
O 


Or 

While in Friedel-Crafts acylation, acyl group is also 
transferred to carbon of benzene and acyl benzene is 
obtained as a result.This can be done by reaction of 


benzene with acy] chloride in the presence of 
anhydrous AICI,. 


CO + НСІ 
Anhy AlCl, 


О 


O '. 
Al 
Ona Anhy. AICI, r^ 


As, formyl chloride is unstable in nature. So, it can be 
prepared in situ by treating СО and HCl in the 
presence of anhy. AICI, by only Gattermann-Koch 
reaction, not by Friedel-Crafts reaction. Since, in both 
the reactions, acylation takes place, hence, 
Gattermann-Koch reaction can be considered similar 
цо Friedel-Crafts acylation. 

29. Refer to text on page 314. 

30. (i) Butanone < propanone < propanal < ethanal 
(ii) Acetophenone < p-tolualdehyde < benzaldehyde < 

p-nitrobenzaldehyde ' ү 


31. 9 | OH 
(i) CH;MgBr Na metal 
CH; = C— Cha no. or a “Ether 
СНз 
(А) 
-+ 
ONa О — СНз 
CH,-Br | Е 
СНз i CH3 
(B) (C) fus 
2-methyl-2-methoxy 
= Mec 
ü) CH,—C—CH,———»5 "SC eN-—NB 
| |: Кош 
KOH/Ethylene glycol, A H3C N CH 
с^ 
3 
Propane 


This is an example of Wolff-Kishner reduction. 


NaOH /I, 
(ii) C,H, —CO—CH, —— _.; 
C,H,COONa + CHY 
Iodoform 


This is an example of haloform reaction. 


| {achydes. Ketones and Carboxylic Acids 
NC 


since, the liquid A reduces ammoniacal silver nitrate 
(Tollen's reagent), hence A is aldehyde and B does not 
ive test with ammoniacal silver nitrate, thus, Bis a 
` ketone. Further, B forms a white crystalline solid on 


treatment with sodium hydrogen sulphite. This suggests 
that Bis a methyl ketone. 


33. 


050,Н 
. SC 0 «Nilo, === 5c, 
Aldehyde Sodium ONa 
or hydrogen 

ketone sulphite ріске ; 

transfer, \ _ /О$О,Ма 
====е 
Bisulphite 
addition compound 
(White crystalline solid) 


‚ RCHO+ 2 [Ag(NH,);] NO, + 2NH,OH 
— RCOOH + 2Agl 


Silver mirror 
+ H,O + 4NH, + 2 NH,NO, 
Note Aldehyde and ketone both gives white crystalline solid 
with sodium hydrogen sulphite but only aldehyde gives 
Tollen's test and Fehling's test. 
34. (i) Wolff-Kishner Reduction 
Refer to text on page 319. 


(ii) Etard Reaction 
Refer to text on page 312. 
35. (i) Clemmensen reduction 
Refer to text on page 319. 
(ii) Cannizzaro reaction 
Refer to text on page 321. 
36. Four possible aldol condensation products are 
(i) Propanal acts as both nucleophile and electrophile. 
CH4CH;CHO + CH4CH;CHO ——> 
OH СН; 


5 4 3 2 1, 
CH3CH3CH — CH — CHO 
“3-hydroxy-2-methylpentanal 


(ii) Butanal serves as both nucleophile and electrophile. 
CH;CH,CH,CHO + CH,CH,CH,CHO ——> 


OH снн, 


6 5 4 3 2 1 
CH,CH,CH, — CH — CHCHO 


2-ethyl-3-hydroxyhexanal 


(iii) Propanal serves as electrophile and butanal as 


nucleophile. 
CH,CH,CHO + CH4CH;CH;CHO —»9 
Propanal Butanal 
OH CH,CH; 


5 4 3 2 1 
CH,CH,— CH — CHCHO 
2-ethyl-3-hydroxypentanal 
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(iv) Butanal serves as electrophile and propanal as 


nucleophile. 
CH,CH,CH,CHO + CH,CH,CHO ———» 
Butanal Propanal 
OH CH, 
4.3 41 |3 ha 
CH4CH;CH;-CH-CH- CHO 
3-hydroxy-2-methy -heanal 


37. (i) The presence of alpha hydrogen in aldehydes and 
ketones is essential for aldol condensation because 
they are acidic in nature (due to the presence of 
electron withdrawing carbonyl group). As a result, 
the electron density at alpha C—H bond decreases 
and hence, H-atom becomes weakly held which can 
be easily abstracted by strong bases forming enolate 
ion, which are stabilised by resonance. 

The structure of 3-hydroxypentan-2-one is 


~ 
гер 
© 
— 


5 4 3 | 
LN cH; 
2 1 
OH 


All alpha hydroxy ketones gives Tollen's test. Since, 
a-hydroxy ketones have the ability to tautomerises 
to aldehydes and aldehydes gives Tollen's test. The 
given compound is also a a-hydroxy ketone. Thus, 
it gives this test. 
38. Preparation of ethyl benzene from acylation of benzene 
= yields acetophenone which on reduction gives ethyl 
'benzene. The complete reactions can be shown as: 
Q | 
Anhy. AICI, CH; 


Acetophenone 


[Н] CH3 
Z»-Hg/HCl 
(Clemmensen reduction) Ethel benzene 

The direct alkylation cannot be performed because 
polysubstitution product is formed. 

Due to disadvantage of polysubstitution, the 
Friedel-Crafts alkylation reaction is not used for the 
preparation of alkyl benzene. Instead of that, 
Friedel-Crafts acylation is used. 


39. (i) Distinguishing test between pentan-2-one and 
pentan-3-one Pentan-2-one responds positively 
towards iodoform test whereas pentan-3-one — 
(Сан:СоС,н,) due to the absence of 


— C— CH, group, do not give iodoform test. 


1 2 3 4 3 
CH, —C0— CH, — CH; — CH,a anon 


Pentan-2-one 


1, _ | 
TEH E СН + CECH CH,COONa + 2NaOH 
Yellow ppt. 
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(ii) Distinguishing test between ethanal and propanal (Iodoform test) Refer to solution 21 on page 327. 


э (i) Refer to text on page 321. (ii) Refer to text on page 322. 
S.No. Structure РАС пате ^ Common пате 
(i) CH4CO(CH,),CH, Heptan- 2-one . Methyl n-pentyl ketone 
— (8) CH,CH,CHBICH,CH(CH,)CHO — 4-bromo-2-methyhexanal — y-bromo- a-methy! caproaldehyde 
(i) CH,(CH,),CHO Heptanal Heptanaldehyde 
(у) Ph— СН = CH— CHO 3-phenylprop -2-enal p-phenylacrolein s 
' (v) mae Cyclopentane carbaldehyde  Cyclopentane сап baldehyde 
(vi) PhCOPh Diphenylmethanone Benzophenone 
42. NO, 
. N—OH 
(i) ( Nem ; NO; (ii) A 
О 
ӨӨ H4C N pos | 
(iii) С (iv) NNH-C-NH; 
INS 
ier Anil OCH, 
H,C=—cH} 
a RS 
(v) OS po - (vi) SN 
CH,—CH,—C——CH,—CH,—CH;, H OCH, 


43. o According to the given information compound A (mol. formula СН) is an alkene. 


e Aon ozonolysis gives two carbonyl compound. (i.e. have уе = О group) В апд С. 


• В gives Fehling’s test, so it is ап aldehyde. 


B also gives Tollen's test, so it has СН; —C— group. That means, В is acetaldehyde. 


C does not give Fehling test, so it is a ketone. Also, it gives positive iodoform test so it contain CH, —C— group. 
Now, structure of alkene A can be obtained by writing the products of ozonolysis side by side with their ye =0 
groups facing each other. On removing the oxygen atoms and joining the remaining fragments by a double bond; 
the structure of alkene ‘A’ can be obtained which is 2-methylbut-2-ene. 


сыро +O+C— ен > аян = re CH; 


H СНз H CH; 
Acetaldehyde Acetone 2-methyl but-2-ene (A 
(B) (O а. 


| Ozonolysis 


CH 
з 20. н; 
С С 
H^ / "cH 

o—o 3 


Zn/H,0 


des, Ketones and Carboxylic Acids 


| 380) 
‚ Fehling's test 


CH,CHO 42Cu!* +50H —› CH,COO* 
(B) 
+ Cu,0 +3H,0 
(Red ppt.) 


CH,COCH, + 2Cu?* *50H —› No reaction 


‚ Iodoform reaction 


Cree +31, + NaOH — CHI, 4 +3HI 
Yellow, ppt. 


+ HCOONa 
(0) 
| 
CH,— C—CH, +31, +4МаОН — CHI, 4 
(С) (Yellow ppt.) 
+ CH,COONa+3Nal+3H,0 
2. A=CH,CH=C(CH;,), : 2-methylbut-2-ene 
B=CH,CHO Acetaldehyde 
C =CH,COCH, : Acetone 


44, (i) Refer to text on page 310. 
(ii) Refer to text on page 310. 

45. Compounds which undergo aldol condensation 
(having a-hydrogen atom) are follows : - 
(ii) 2-methyl Es 


2CH,CH,CH, — CH — CHO AM, 
| А condensation 
CH, 
2-methylpentanal CH, 


7 6 5 4. 3 2 
CH4CH, — СН; — n —CH— CCH; — CH,CH, 
1 
CH, OH CHO 
3-hydroxy-2, 4-dimethyl 2-propylheptanal 


i er 


он 5 
1 
. DLNOH у ? 
Aldol АЫ condensation 


Cyclohexanone 2-(1-hydroxy-1-cyclohexyl) 
cyclohexan-1-one 


(vi) 1-phenyl propanone 


| 
CH,—C + Сн, EO 
condensation 
CH,CH, CH, 
1-phenyl | aH 


propanone CH; 


OH О 
3 2 1 
с,н,—_Сс———єн—с—с,Н, 


4 5 
CH,CH, CH, 
3-hydroxy-2-methyl-1, 3-diphenylpentan- 1-one 


(vii) Phenyl acetaldehyde 


о 
[еен -l | 
с,н,—сн,—С+сн,—С—н Ж 
| condensation 
н CH, 
Phenyl acetaldehyde 
OH О 
КЕ xs ol 
сеща =н edie 
н CH; 
3-hydroxy -2,4-diphenylburanal 


Compounds which undergo Cannizzaro reaction 
(only aldehydes without a-hydrogen atoms ) 
(i) Methanal Refer to text page 321. 
(iii) Benzaldehyde Refer to text on page 321. 
(ix) 2,2-dimethyl butanal 


CH, 
2CH;CH;—C-— сно С 509, 
сие 
CH, 
2, 2-dimethylbutanal 
CH, 


4 3 2 t 


CH, 
2, 2-dimethylbutan-t-ol 
CH, 


as al 


æ t ~. 
= А Б кн 


CH, 
Sodium -2, 2-dimethylbutanoate 


Compounds which undergo neither Cannizzaro 

nor Aldol reaction. 

(iv) Benzophenone It is a ketone, so it does not 
undergo Cannizzaro reaction without 
a-hydrogen. It cannot participate in Aldol 
condensation. 

(viii) Butan-1-ol It is an alcohol. So, it cannot 
participate in any of the above two reactions, 
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46. (i) 2CH,CHo — DOH 
Ethana! (Aldol "e 


CH , CHOH—CH, a. d 
з. hydrorybutaral сно (Reduction) 
3 1 
CH, — CHOH— CH, —CH,OH 
Butane-1, 3-diol 
(ii) Refer to text on page 320. 


(iii) 2CH CHO УА СН,СН =CHCHO 


Alk. KMnO4 
CH,CH = CHCO,H 


But-2-enoic acid 


47. (i) As the given compound with molecular formula 
; С,Н, О, forms a 2,4-DNP derivative and reduces 
Tollen's reagent, thus it must be an aldehyde. 
(ii) As it undergoes Cannizzaro reaction, hence — CHO 
group is directly attached to the benzene ring. 

(iii) On vigorous oxidation, it gives 
1,2-benzenedicarboxylic acid. Therefore, it must be 
an ortho-substituted benzaldehyde and the only 
o-substituted aromatic aldehyde which have C,H,,O 
molecular formula is o-ethyl benzaldehyde. 
Reactions pers 


[Ag(NH,),]"OH 
OL. Тойеп' reagent” 5 теареп! OL + Ав 1 
C,H 5 C,H; Silver 
o-ethyl ES 2-ethylbenzoate  ПШТОГ 


(QC, Oe 
CH; СООН 


1, 2-benzene 
dicarboxylic acid 
NO, 


H,NNH NO, 


(QC 
2,4-DNP 
———————M——M—————À3 
CH; 
© н 00) H,O 


C,H, 2,4-DNP derivative 
8. C=69.77%, Н =11.63%, О =100- (69.77 + 11.63) = 18.6% 
Element in ый ir к Moles. р sinp 
Gite apr ooh 12 5.81 5 
H 11.63 1 11.63 10 
О 18.60 16 1.16 1 


Empirical formula of given compound = C,H,)O 
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Empirical formula mass = 5x 12+ 10x 1+ 1x 16 — 

86 

n=—=1 

86 
. Molecular formula = (С;Н,,0), = CH,,0 
Since, it does not give Tollen's test but gives positive 
iodoform test, hence it is а methyl ketone, i e. have 
— COCH, group. Since, on oxidation, it gives ethanoic 
acid and propanoic acid, it is pentan-2-one, 


OH == с CH, CH,CH, P. cH,cooH + 


О 
Реп!ап-2-опе CH,CH,COOH 
Hence, the compound is pentan-2-one. 


49. (i) The possible functional isomers of carbonyl 
compound with molecular formula, C,H,O are 


CH, 


CH, —CH— CHO, CH,CH,CH,CHO, 
o 


| 
сн,сн,—С—СН, 
• Isomers (A) and (C) gives positive Tollen’s test, thus 


they must be aldehydes. 
RCHO + 2[Ag(NH,),]* — RCOO" + ' 2Agl 
Aldehyde ^ Tollen's reagent Silver mirror 


+ 2H,0+ 4NH,1 
CH, — CH— CHO and CH,CH,CH,CHO 


CH, 


* Isomer (B) does not give Tollen's test, but gives 
positive Iodoform test, thus it must be a ketone 


| 


with CH, C — group. 
NaOX \ 
RCOCH, —> RCOONa+ СНХ, [X =Cl, Br, I] 


* Isomers (A) and (В) on reduction with 
Zn(Hg)/ conc. HCl give same product (D) 
CH, 


Zn -Hg/ . HCl 
CH,—CH— CHO + 4[H] ———— у 


CH, 


CH, CH— CH; + H,0 
Zn-Hg /cone. НС! 
CH, —CH, —CH,—CHO + 4[H] — —————? 
CH,—CH, — CH, —CH; + H,0 
CH,CH,COCH, + 4[H] Zn-Hg /conc. НСІ 
CH,CH,CH,CH; + H,0 
So the structures of (A), (B), (C) and (D) are : 


CH,CH,CH,CHO, CH,CH,COCH,, 
(A) (B) 


Aldehydes, Ketones and Carboxylic Acids 


CH, 


CH4CH— CHO , CH,CH,CH,CH, 
© (D) 

"m The isomer (B) is least reactive towards addition of 
HCN. Since, aldehydes are more reactive towards 
nucleophilic addition reactions than ketones due to 
inductive and steric effects. 

go, @@) Refer to text on page 315. 
(b) Refer to text on page 317. 
(c) Refer to text on page 320. 
(i) (а) Rosenmund's reductionRefer to text on 
page 312. 


(b) Cannizzaro reaction Refer to text on page 321. 


(ш) CHCH;—CH;—CO— CH, gives iodoform test as 
it contains CH;CO— group. 
51. (i) Refer to text on page 310. 
(ii) Refer to text on page 312. 
(iii) Refer to text on page 312. 
(iv) Refer to text on page 312. 
(v) Refer to text on page 310. 


52. 


үш 
CH—O C 
(i) PhMgBr | NH 
Dry ether Ph 
Cyclohexane carbaldehyde OH 
С 
но" | Н + Mg(OH)Br 
Hydrolysis Ph 
Cyclohexylphenylcarbinol 


(ii) Refer to text on page 318. 
(iii) Refer to text on page 317. 


CHO нос,н, 
(iv) * 
HOC;H; 


ес; 


I. 
+, Т "oct 
+H,0 


Ethanol Cyclohexane carbaldehyde 
5 ^ acetal 
ME TEN HCl 
Clemmensen `Четителзеп reduction 
Methyl cyclohexane 


‚ 53. (i) (a) Propanone to propene 
Н,50, (conc, 
CH,COCH, aa i ge н 


Propanone 
Sod 
CH4CH—CH), 


Propene 


(b) Ethanol to 3-hydroxybutanal 
Oxidation 
CH,CH,0OH ——— — ——— CH;4CHO 
Ethanol CrO; in arhy. medium Рф 1 


Aldol 


condensation ©з pace 


OH 
3-hydroxybutanal 
(formed from 2 molecules of etharal) 


(c) Benzene to m-nitroacetophenone 


COCH, 


OQ 


Acetophenone 


СОСН, 


on 


m-nitroacetophenone 


CH,COCI 
^ AX, ? 


Conc. Conc HNOs | 
“Cone HO, H;SO, 
(273 К) 


Q 


(d) Bromobenzene to 1-phenylethanol 


Br 
ам 
Dry ether 


Bromobenzene 


MgBr 


Phenyl 
magnesium bromide 
CH-CH, 
(i) CH,CHO | 


(ii) H,O/H* OH 


1-phenylethanol 
(e) Benzaldehyde to benzophenone 


Benzaldehyde Benzoic 


acid 
(f) Benzaldehyde to a-hydroxyphenylacetic acid 
ү" i 


Benzophenone 


К "DN 


б HCN/HCI @ HMO 


Benzaldehyde 


di —COOH 


© 


a-hydroxy phenylacetie acid 


(ii) The reactivity of carbonyl compounds towards HCN 
addition decreases as the +I-elfect of the alkyl group(s) 
increases or the presence of bulkier alkyl group increases, 
which causes steric hindrance to the nucleophilic attack by 
CN' at the carbonyl carbon. Thus, the reactivity decreases 

‘in the order: 
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HY H,C ee | Tal- of 
P x =O > CH, >—C —-C ——CH, > СНуЭ- С ——C —— C “CH, 
H А 
Acetaldehyde HC Acetone CH, CH, CH, 
tert-butyl methyl ketone Di-tert-butyl ketone 


` + I-effect increases 
Steric hindrance due to bulkier group increases 
2 ee es сие tO DUSSEDEFOUPAHCECASCS .. 
Reactivity towards HCN addition reaction decreases 


54.(i) Refer to text on page 317. 


N 
Е СІ Еола e AICI, 
(ii) Q + CY Friedel-Crafts mmy CO + НСІ 
reaction 


Benzene Benzoyl chloride Benzophenone 


3 
Оа о 
: [Ag(NH,)]* 
1 Tollen’s reagent 
CHO COO? 


4-oxocyclohexane 4-oxocyclohexane 
carbaldehyde carboxylate anion 


: CHO _масмна у єн ы 
(iv) 
COOH COOH 


2-(1-hydroxycyanomethyl) benzoic acid 


О=0 
Оо=0 


CH; сн, 
ý i 3 2 1 
() сазсно+ н Сно, PLTEOBA, сен, —CH—C— CHO 
Propanal 2-methyl-3-phenylprop-2-en-1-al 
_сюундо, , 
Jo 
Cyclohexanol Cyclohexanone 
(vii) ( yi ( у-н, ВНё (cron, O 
Methylene Borne 3 Cyclohexyl Cyclohexane 


cyclohexane \ methanol carbaldehyde 


Aldehydes; Ketones and Carboxylic Acids . 


be (00, 
И Ио? /70 


Cyclohexanone 


(ix) On + DE 097 
293K 


Q2 
Qo 
Ua 


ene 
| 
(0) 


Benzal acetophenone 


C — CH, 


(x) ф + CH, — C —Cl any AC | 
| | 
1-phenylpropan-1-one 


[TOPIC 2| Carboxylic Acids 


The carbon compounds containing a carboxyl functional 

group, —COOH are known as carboxylic acids. Carboxyl 
group consists of a carbonyl group attached to a hydroxyl 
group, hence it is named as carboxyl. i 


О О 
| | 
—C—+ ko H AAt @-O—H 
Carbonyl Hydroxyl Carboxyl 


Carboxylic acids may be aliphatic (RCOOH) or aromatic 
(ArCOOH) depending on the groups, alkyl or aryl, 
attached to carboxylic carbon. 

CH4COOH COOH 


ер. 
CH;CH,CH,COOH СНзСООН 


Butanoic acid 


Benzoic acid 


с carboxylic acids 


So Р f aliphati 
mie higher ‘members о 2°? occur in natural fats as 


(Ci; -Cyg) known as fatty acids, n 
esters of glycerol. When carbonyl group gets attached wi 
roups like __OR,—NH?, —X and ОЕ : 
compounds are called derivatives of carboxylic acids an 


known by the name, ester, amide, acyl halide and acid 
anhydride respectively. 


О О О O O 
| | | | | 
C C C C с 
ОИЕ 2 AN TSN 
R ORR NH, RX ROR 
Ester Amide 7 (X-halogen) Acid anhydride 
ide 


NOMENCLATURE AND 
STRUCTURE OF 
CARBOXYL GROUP 


Nomenclature 

Carboxylic acids are named by two systems: 

Common system In common system, the common 
names end with the suffix -'ic acid’ and have been 
derived from Latin or Greek names of their natural 
sources. €g. Formic acid (HCOOH) was first obtained 
from red ants (Latin : formica means ant), acetic acid 
(CH4COOH) from vinegar (Latin : acetum mean 
vinegar), butyric acid (CH4CH; CH; COOH) d 


rancid butter (Latin : butyrum means butter) 
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TUPAC system IUPAC name of carboxylic acid is alkanoic 
acid. Thus, in IUPAC system, their names are derived by 
replacing the terminal ' from the name of corresponding 
straight chain alkane by suffix ‘oic acid’, In numbering, the 
carbon chain, the carboxylic carbon is numbered one. 


e.g. Br 


CH,—CH—CH;—COOH CH,—CH—COOH 
| 2-bromopropanoic acid 
CH; 


3-methylbutanoic acid C;H5;—CH —CH—COOH 


3-phenylprop-2-enoic acid 


For naming the compounds containing more than one 
carboxyl group, the alkyl chain is numbered and the 
number of carboxy] groups are indicated by adding the 
multiplicative prefix dicarboxylic acid, tricarboxylic acid, 
Etc., to the name of parent alkyl chain. The position of 
— COOH groups are indicated by the arabic numeral 
before the multiplicative prefix. 


IUPAC names and structures of some carboxylic acids 


Structure Common 


name IUPAC name 
HCOOH Formic acid ^ Methanoic acid 
CH4COOH Acetic acid Ethanoic acid 
CH4CH;COOH Propionic acid Propanoic acid 
CH4CH;CH;COOH Butyricacid ^ Buranoic acid 
(CH, ): СНСООН iso-butyric acid 2-methylpropanoic acid 
HOOC— COOH Oxalic acid ^ Ethanedioic acid 
HOOC— CH,— COOH Malonicacid | Propanedioic acid 


HOOC— (СН ›);— COOH © Succinic acid Butanedioic acid 
———————— мт — 


НООС — (CH 23 — COOH  Glutaric acid Pentanedioic acid 


НООС — (CH 2)4 — СООН Adipic acid Hexanedioic acid 


HÓOC— CH,— CH(COOH) — 
— CH,— COOH 


Е 


CH;COOH Phenylacetic — 2-phenylethanoic acid 
Cy acid Кк. 
аа сираи 
OC 

COOH 


Propane-1,2,3- 
tricarboxylic acid 


Benzoic acid Benzene carboxylic acid 
(Benzoic acid) 


Phthalic acid Benzene-1, 2- 
dicarboxylic acid 
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EXAMPLE |1| Give the IUPAC names of the following 
compounds. 
(i) PhCH,CH,COOH 


CH; N02 
COOH 
(iii) COOH (iv) 
i N02 NO; 
1 


NCERT Intext 


(ii) (CH3)2C —CHCOOH 


3 2 
Sol. (i) Ph—CH,—CH,—COOH 
3-phenylpropanoic acid 
4 3 2 1 
(ii) Мар. =CH— COOH 
СН; 
3-methylbut-2-en-1-oic acid 


2 


СН» МО 
2 : 2 СООН 
1 i 
(iii) COOH (iv) ; ч 
Ом Ф ^ NO, 


2-methylcyclopentane 


carboxylic acid 2,4,6-trinitrobenzoic acid | 


Structure 


In carboxylic acids, the bonds attached to the carboxyl 
carbon are in one plane and are separated by about 120°. 
The carboxylic carbon is less electrophilic than carbonyl 
carbon because of the following possible resonance 


str uctures: 
»: 9 £0 
A me — + > — 
| = i 


П 
In structures (I) and (III), 
neutral. As a result, the ca 
hybrid is less positive. Ho 
carboxyl group is also pol 
structures (II) and (III). 


METHODS OF PREPARATION 


Carboxylic acids are prepared b 


l'rom Primary Alcohols and Aldehydes 


carboxyl carbon is electrically 
tboxyl carbon of resonance 
wever, like carbonyl group, 
ar due to the resonance 


dichromate (К›Сг;О») and chromium trioxide (CrO3) 
їп acidic medium ( Jones reagent), | 


Aldehydes, Ketones and Carboxylic Acids 


(i) Alkaline KMnO, 
——————À 


RCH,OH 
(i)HO 


RCOOH 

CrO; H,$0, 

CH; (СН;)з5СН;ОН — — 95 CH;(CH)),COOH 
Decan 1-01 t 

Carboxylic acids are also prepared from aldehydes by the 


use of mild oxidising agents like Tollen's reagent. 


[О 
cH,cHo—_ 
Acetaldehyde my ae 


From Nitriles and Amides 

Nitriles are first hydrolysed to amides and then to acids in 
the presence of H* or OH as catalyst. Mild reaction 
conditions are used to stop the reaction at the amide stage. 


Decanoic acid 


CH4COOH 


Acetic acid 


b d E z 
R—CN—BHsOH, p QC wg, Hor OH 


А 
à RCOOH + NH, f 


CH4CONH,; —-4,> СНСООН +NH; f 
Ethanamide ? Ethanoic acid 


СОМН, СООН 


С) 6 ow 


Вептат!де Benzoic acid 


From Alkylbenzenes 


Aromatic acids are obtained by vigorous oxidation of 

1 benzene with chromic acids or acidic or alkaline 
SMnO,. During oxidation, the aromatic nucleus remains 
intact but the entire chain is oxidised to —COOH - 
group irrespective of the length of carbon chain. 


=+ 
СН, СООК СООН 
© ===© -=© 
Toluene Potassium Benzoic acid 
benzoate 
' -+ 
CH,CH,CHs око COOK 
n 
dps (Oy 
Propylbenzene | . COOH 
HO 
Benzoic acid 
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l'and 2° alkyl chains contain benzylic hydrogen so, 
these are oxidised to carboxyl groups while 3” alkyl 
chains contain no benzylic hydrogen so, these are not 
oxidised. 


E.g., um 
С— СН» () KM10/KOH, А А 
—— — ——) No raci 
Су | () DLH,so, lo reaction 
CH; 
tert-butyl benzene 


Same oxidising agents can be used to oxidise alkenes to 
carboxylic acids. 


CB. KMnOJKOH, А 
CH;CH = CHCH;——~—-—» 2CH4COOH 
: But-2-ene > DiLHSO, Erhanoic acid 
From Grignard Reagents 


Grignard reagents react with dry ice (CO; ) in ethereal 
solution to produce salts of carboxylic acids, which on 
acidification with mineral acids give corresponding 
carboxylic acids. Dy 


ether It 
R—MgX +О=С=О — , S oer 


O 
Adduct 
H*/H,O 
-Mg(OH) X 


R—COOH 


Methyl magnesium 


bromide О 
АКУ 
CH; —C—OMgBr | 7:0 , 
Addition product 
| OH 
CH, —C—OH * Mg? 
Ethanoic acid Br. | 
MgBr 


Dry p 
+0=C=0 ter thet CoHs— C— OMgBr 


Phenylmagnesium bromide Adduct 
COOH 
H'/H,O OH 
—> + Мв 
NBr 


Benzoic acid 
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Note As nitriles and Gri 
halides, thus, the last two 
reagents) listed above are very useful for convertin 
à > g alkyl halides into 
Ны scala Carboxylic acids having one carbon atom ‘more than 
at present in alkyl halides (һе. ascending the series). 


From Acyl Halides and Anhydrides 


Acid chlorides when hydrolysed with water give carboxylic 
acids or more readily hydrolysed with aqueous base to give 
carboxylate ions which on acidification provide 
corresponding carboxylic acids. Anhydrides on the other 
hand are hydrolysed to corresponding acids with water. 


O RCOOH + СГ Ilo" 
RCOQL _ | 
ОННО» RCOO" + CI -H9* , RCOOH 
(C&H5CO); О —? , 2C ,H,COOH 
Benzoic anhydride 


gnard reagents can be prepared from alkyl 
methods (from alkyl benzenes and Grignard 


Benzoic acid 


CgH5COOCOCH, |. 25 C;H,COOH « CH4COOH 


Benzoic ethanoic anhydride Benzoic acid Ethanoic acid 


From Esters 


Acidic hydrolysis of esters gives directly carboxylic acids 
while basic hydrolysis gives carboxylates, which on 
acidification give corresponding carboxylic acids. 


OOC,H; COOH 
H,O* or + C;H;OH 


Rhyl Benzoic 
benzoate acid 
‚ NaOH 
CH,CH,CH,COOC,H, 
-+ 
Ethyl butanoate CH3;CH,CH,COONa + C,H;,OH 
Ho'| 
CH;CH,CH,COOH 


Butanoic acid 


EXAMPLE |2| Show how each of the following 
compounds can be converted to benzoic acid? 
(i) Ethyl benzene (ii) Acetophenone 
(ii) Bromobenzene (iv) Phenylethene (styrene) 
NCERT Intext 
Sol и 
CH;CH; COOK COOH 


il H,0° 
(i) Ф KMs0J0H Ф ; a 
eat 


Ethyl benzene Potassium benzoate — Benzoic acid 
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СОСН, 


I, NaOH H,0° 
(ii) Iodoform reaction 
-CHI, 


Acetophenone 


Br 
(iii) 2 


Bromobenzene 


COOMgBr 


Adduct 


MgBr 


co, 


Mg 
Dry ether 


Dry ether 


Phenyl magnesium 
bromide 


COOH 


H4O* 
——À 
-Mg(OH)Br 


Benzoic acid 


— + 
СООК 


Q 


Potassium benzoate 


COOH 


CH=CH, 


: KMnO,/OH_ 
— 
(iv) e Heat 


Styrene 


Benzoic acid 


PHYSICAL PROPERTIES 


The physical properties of carboxylic acids are described 
below: | 
(i) Physical state Aliphatic carboxylic acids upto nine 
carbon atoms are colourless liquids at room 
temperature with unpleasant odours while higher 
carboxylic acids are wax like solids and odourless due 
to their low volatility. 


(ii) Solubility Simple aliphatic carboxylic acids having 
upto four carbon atoms are miscible with water 
because of hydrogen bond formation with water. 
Solubility decreases with increase in the number of 
carbon atoms which is due to increased hydrophobic 
interaction of hydrocarbon part. Carboxylic acids 21 
also soluble in less polar organic solvents like 
benzene, ether, alcohol, chloroform, etc. 


(iii) Boiling point As compare to hydrocarbons, _ T 
aldehydes, ketones and carboxylic acids have high¢ 
boiling points because they have high extent © 


\ldehydes, Ketones and Carboxylic Acids 


hydrogen bonding with water, due to which they’ 
exists as associated molecules, 


О-----;-- H—O 
r aq X 
H-bonds 23 
R—C | C—R 
“о-н шаан o^ 
Dimer 
In vapour state or in aprotic solvent 
О | 
\ bs) A HO 
R "ons nil OR 
id | / 


О О 
ee — Ke P df ч Ж 
„2<=°©-н H 


Hydrogen bonding (dotted) of ACOOH with њо 


The hydrogen bonds аге not broken completely 
even in the vapour phase. Infact, mostly carboxylic 
acids exist as dimer in the vapour phase or in 
aprotic solvent. 


(iv) Melting point The melting point of aliphatic 
carboxylic acids do not show a regular pattern 
rather they show oscillation or alteration effect, i.e. 

‹ melting point of an acid containing even number of 
carbon atoms is higher than the next member 
containing odd number of carbon atoms. - 


CHEMICAL PROPERTIES 


Chemical properties of carboxylic acids are characteristic 
of carboxyl group and the alkyl or the aryl group. The 
reactions of carboxylic acids are classified as follows: 


Reactions Involving Cleavage 
of O—H Bond 
Acidity 


Like alcohols, carboxylic acids also evolve hydrogen 
with metals and form salts with alkalies similar to 
phenols. However, unlike phenols, they react with 
weaker bases like sodium carbonate and hydrogen 
carbonate to evolve carbon dioxide. 


This reaction is used to detect the presence of carboxyl 
Broup in an organic compound. 


- + 
2R—COOH +2Na —> 2R—COONa +H, 1 


Sodium carboxylate 
-4 
R—COOH + NaOH —› R—COONAa * H;O 
‘a+ 
R—COOH +NaHCO, —>&—COONa +H)0 + CO; 
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Reaction in Aqueous Solution 


In aqueous solution, carboxylic acids ionise and exist in 
dynamic equilibrium between the resonance stabilised 
carboxylate ions and the hydronium ions. 


O 
rch 


+ HO == 
Nou 
O О О 
y P 4 
HO + b LT == #—С- 
Qo ( © 


For the above reaction: 
*[Н3О* J[&COO ] 
"^ [H O][ RCOOH] ' 
19507 ][4COO |] 
[RCOOH] 


where, K., is equilibrium constant and К, is the acid 
dissociation constant. 


The strength of an acid is usually indicated by its pK, 
value rather than its K, value. 


K, = К.41Н,0]= 


pK, = 105 К, 
Smaller the pK, , stronger is the acid. Strong acids have 
pK, values « 1. Trifluoroacetic acid is the strongest 
organic acid (pK , of CF; COOH =0.23). pK, of 
hydrochloric acid, benzoic and acetic acid are —7.0, 4.19 
and 4.76, respectively. The acids with pK, values between 
| and 5 are considered to be moderately strong acids, weak 
acids have pK, values between 5 and 15 while extremely 
weak acids have pK, values >15. 
Carboxylic acids are weaker than mineral acids but they are 
stronger acids than alcohols (pK , is -16 for ethanol) and 
phenols (pK , is - 10). 


Cause of Acidic Nature of Carboxylic Acids 

Carboxylic acids may be regarded as a resonance hybrid of 

the structures I and II. 
ci KON 


rcn ‹ О 
(0 (Il) 


Acidic nature of carboxyl group is due to the breaking of 
О — Н bond as positively charged oxygen weakens the bond. 
Carboxylate anion formed by the removal of a proton is 
also stabilised by resonance. 
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is US o=: 


G 2 
R—C 4—3 R— - í 
QO » GA a е 
О: О: О 
(Ш) (IV) (V) 


Resonance stabilisation of carboxylate anion is more than 
that of undissociated carboxylic acid. Therefore, greater 
stability of carboxylate ion is responsible for the acidic 
character of carboxylic acids. Carboxylic acids are more 
acidic than alcohols because carboxylate anions are more 
stable than alkoxide ions, so carboxylic acids have strong 
tendency to release a proton. al 


Similarly, carboxylic acids are stronger acids than phenols 
because carboxylate ion is much more resonance stabilised 
than phenoxide ion as negative charge is delocalised over 
two electronegative O-atoms in carboxylate anion while 


in phenol, negative charge is delocalised over only one 
O-atom. 


Effect of Substituents on the Acidity of 
Carboxylic Acids 

Substituents may affect the stability of the conjugate base 
and thus, also affect the acidity of the carboxylic acids. 


Electron withdrawing groups (EWGs) increase 

the stability of the carboxylate ion by dispersing the 
negative charge through resonance effect on the conjugate 
base while electron donating groups (EDGs) decrease the 
stability of the carboxylate ion by intensifying the 
negative charge. 


2 5/2 
EWG—c-Cí f ЕРСӘ—С‹ f 
О О 
Acidity of carboxylic acids Acidity of carboxylic acids 
increases due to the presence decreases due to the presence 
of Electron Withdrawing of Electron Donating 
Groups (EWGs) Groups (EDGs) 


The effect of the following substituent groups in the 
increasing acidity order is 
Ph<I<Br<Cl< F< CN« МО» < CF 


As the + /-effect of electron donating group increases, the 
relative acidic strength decreases as 


—CH; <— C2H5 « — CH(CH3 )2 
« — C(CH3)3 (+/-effect increases) 
CH,COOH>CH3CH,COOH > 


Acetic acid Propionic acid 
(CH4); CHCOOH > (СНз ), ССООН 
Isobutyric acid 2,2-dimethylpropanoic acid 


(Relative acidic strength decreases) 
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———MÓ 


| ' Т , 
м Order of Decreasing Acidity of Different 
Carboxylic Acids Based on pK, Value 


CF4COOH » CCI,COOH > СІ,СНСООН > OJNCH;COOH > 
NC CH5COOH > FCH;COOH > CICH;COOH > 
BrCH;COOH >HCOOH > CICH;CH;COOH» CeH; COOH 

> CeHs CH2COOH > СНзСООН > CH3 CH;COOH 


amma тте GP + 
———— Mn -= 


Direct attachment of groups such as phenyl or vinyl to 
the carboxylic acid, increases the acidity of corresponding 
carboxylic acid, contrary to the decrease expected due to 
resonance effect shown below: 


нс dz? <—— њос 
| “он H “бн 


sp?- braised carbon is more electronegative than that 
of зр” -hybridised carbon, Therefore, as the hybridisation 
of carbon atom directly attached to —COOH, changes 
from p? —> зр? — sp, the acidic strength increases 
in the order as : 
CH4COOH« CH, =CHCOOH< C6 H; COOH 
3 P 2 
P P 
< HC = C— COOH 
P 
Benzoic acid is stronger acid than acrylic acid 
(CH; == СНСООН) because delocalisation destroys the 
aromatic character of the benzene ring. 
Acidic strength of few substituted aromatic acids in the 
decreasing order are: 


COOH COOH COOH COOH COOH COOH 


9 O'O ©-© @ 


OCH, OH 


Reactions Involving 
Cleavage of C—OH Bond 


Esterification 


Carboxylic acids react with alcohols or phenols in the 
presence of a mineral acid such as conc. H, SO; or HC 


gas (as a catalyst) to form an ester. This reaction is calle 
esterification. + 


H 
R—COOH + '—ОН <=> R—COOR' +H,0 
CH, —COOH + СН, —OH == 
Methanol o 
СН» —СООСН; + Н; 


Methyl acetate 


Acetic acid 


Aldehydes, Ketones and Carboxylic Acids 


Mechanism 

Jr is 2 type of nucleophilic acyl substitution reaction that 
involves majorly three steps: 

Step 1: Protonation of the Carbonyl Oxygen 


This step activates the carbonyl group towards 


nucleophilic addition of the alcohol. 


: * 
Rcs Gd aim А46 S? Ro Gee. 
OH “ӧн 


Protonated carboxylic acid (1) 
Step 2 : Nucleophilic Addition of the Alcohol 
:ÓH ‘OH 
+, 
Ç OH wig] 


- Proton transfer | 


O—R } 
p dL umi аш Quadr R—C— OR 
“он R^ | 36 + 
НО: ^w ОН: 
Н | 
Tetrahedral intermediate H 


Proton transfer in the tetrahedral intermediate converts 
the hydroxyl group into —OH) group. 

Step 3 : Loss of Water Molecule and a Proton 

The — OH, group being better leaving group is 


eliminated as neutral water molecule. The protonated | 
ester so formed finally loses a proton to give the ester. 


OH 
s Ун 

r H,O Í ee 

R— C—O — R == у ©... 
MT *Ó—R 

Юн, Protonated ester . 
О: 
-H* Ж 
NOR 
Ester 
Anhydride Formation 


Carboxylic acids on heating with mineral acids such as 
H5SO, or with рО; give corresponding anhydride. Acid 
anhydrides are obtained by the elimination of water molecule. 


О 

? К | 
2R—C—OH m yo +H,0 

or EIC poss 

| 

О 


Acid anhydride 


O 
| c 
| +, СН» 
›сн,—С—Он——— Xo +H,0 
Ethanoic acid SUI CH e d 
hs | 
О 
Ethanoic anhydride 


Reactions with Phosphorus Trihalides, 
Pidsphdt'us Pentahalides and Thionyl Chloride 
The hydroxyl group of carboxylic acids behaves like that 
of alcohols and is easily replaced by chlorine atom on 
treating with РСІ5, РС); or SOCL. 


R—COOH + PCl; —> RCOCI +POCL, +на 
Acyl chloride 


3RCOOH + PCl; —> 3R—COCI+H3PO; 
R—COOH +SOCly —> R—COCI+ SO,T+HAT 


Note Thionyl chloride (SOCI?) reagent is preferred to carry cut 
reaction because the other two products obtained are gaseous 

and escape the reaction mixture making the purification of products ` 
easier. 


Reaction with Ammonia 
Carboxylic acids react with ammonia to give ammonium 


salt which on further heating at high temperature give 
amides. 


R—COOH +NH3 — R—COO^NH? 29, 


Ammonium salt й 
R—CONH, 
Acid amide 
-+ 
CH,COOH«NH, == СНСООМН 25 
H -H, 
Ammonium : 
acetate 


Acetic acid 


COOH 
О + NH; == 


Benzoic acid 


CH,CONH, 


Acetamide 


COONH, 


Ammonium benzoate 
CONH, 


— 
-HO 


Benzamide 
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COOH COONH, 
+2NH, == 
COOH 3 Ог COONH, 


Phthalic acid Ammonium phthalate 
О 
l 
—2H;0 CONH; Strong heating NAH 
^ CONH, -NH, C S 
Phthalamide | 


Phihalimide ^ 


Reactions Involving —COOH Group 
Reduction | 

Carboxylic acids are reduced to primary alcohols by 
LiAIH, and more easily with diborane. ^ '' 


R OOH (i) LiAIH, /Ether or ВН; 


R—CH,OH 
Gi) HjO* 


Diborane does not easily reduce functional groups such аѕ 


ester, nitro, halo, etc. 

МаВН does пог reduce the carboxyl group. 

Decarboxylation 

The loss of CO; molecule from a carboxylic acid to form 

hydrocarbons is called decarboxylation. 

(i) Using soda lime Carboxylic acids lose carbon dioxide 

to form hydrocarbons when their sodium salts are 
heated with soda lime (NaOH and CaO in the ratio 


dig; Z + NaOH and CaO 
R—COOONa ———— 7 R—H 4 Na CO 
Heat Alkane 22 3 


(ii) Electrolytic decarboxylation (Kolbe electrolysis) 
Alkali metal salts of carboxylic acids also undergo 
decarboxylation on electrolysis of their aqueous 
solutions and form hydrocarbons having twice the 
number of carbon atoms present in the alkyl group of 
acid. This reaction is known as Kolbe electrolysis. 


= | 
e.g. 2CH;COONa+2 H,O Electrolysis 

СН» -CH3 +2СО» +H, +2NaOH ` 
The reaction follows the following path: 


(i) 2CH4 COONa —› 2CH,COO +2М4 


(ii) At anode 2СН COO 22 + 2CH, COO : 
(Unstable) 


—> 2CH3 
Alan, +200; 1 


(ii) CH3 +CH3 —5 CH, -CH; 1 
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(iv) At cathode H;O' +e’ — ОН” +Å 
24 —> Н» 1 


Substitution Reactions in the 
Hydrocarbon Part 


Halogenation 
Carboxylic acids having ап a-hydrogen аге halogenated ~ 


the a-position on treatment with chlorine or bromine ih 
the presence of small amount of red phosphorus to give 


a-halocarboxylic acids. This reaction is known as 


Hell-Volhard-Zelinsky reaction. 
R—CH), —COOH (i) X3 /Red phosphorus 
(i) HO 


R— ES 


X 
(where, X =Cl, Br) а -halocarboxylic acid 


Ring Substitution Reaction 


Aromatic carboxylic acids undergo electrophilic 
substitution reactions in which the carboxyl group acts a; 
a deactivating and meta-directing group. However, they 
do not undergo Friedel-Crafts reaction because the 
carboxyl group is deactivating and the catalyst aluminium 
chloride (Lewis acid) gets bonded to the carboxyl group. 


COOH COOH . 
Conc. HNO, + 
Conc. H;SO, 
NO; 


(Nitration) 
Benzoic acid 


COOH 


m-nitrobenzoic acid 


COOH 


Br,/FeBr, 


(Bromination) 
Br 


m-bromobenzoic acid 
Uses 
Some important uses of carboxylic acids are as follows: 
(i) Methanoic acid is used in rubber, textile, dyeing, 
leather and electroplating industries. 
(ii) Ethanoic acid is widely used as a solvent and it is also 
used as vinegar in food industry. 
(iii) In the manufacture of nylon-6,6, hexanedioic acid 
(adipic acid) is used, 
(iv) In perfume industry, esters of benzoic acid are used. 
(у) Sodium benzoate is used as a food preservative. 
(vi) Higher fatty acids are extremely useful in production 
of soaps and detergents. 


|TOPIC PRACTICE 2| 


oBJECT IVE Type Questions 


(, IUPAC name of a-acetyl succinic acid is 
(a) 2-(1-oxoethyl) butane-1,4-dioic acid 
(b) 3-(2-oxoethyl) butane-1,4-dioic acid 
(с) Hexan-1,6-dioic acid 
(4) Butane-1,4-dicarboxylic acid 
7. Select the reagent for the given conversion. 
(a) KMnO; in acidic, neutral, alkaline media 
(b) KCr,07 in acidic media 
(c) CrO; in acidic media. 
(d) Allofthe above 


3. Select the acid(s) which cannot be prepared by 
Grignard reagent? 
(a) Acetic acid 
(c) Formicacid : 


(b) Succinic acid 
(d) All of these 


4. Which of the following is the strongest acid? 
(а) СНСООН (b) CICH,COOH 
(с) СІСНСООН (d) CljC— COOH 


5,. Which of the following reagents is/are used for 
the conversion of ethanoic acid to ethanoic ` 


anhydride? 
(a) SOC, A (b) PCI, A 
(с) 505, A (d) All of these 


6. Sodalime is the mixture of 
(a) NaOH and CaO in the ratio of3: 2 
(b) NaOH and СаО in the ratio of1:3 
(c) NaOH and CaO in the ratio of3:1 
(d) NaOH and СаО in the ratio of 2:3 


. 7. What is the by-product formed in this reaction 
NaOH, CaO 
R—COONa —-—> R—H«1 


(a) NaHCO, 
(c) Na;HCO; 


(b) CO, 
(d) Na,CO; 


. 8. The product formed during 
Hell-Volhard-Zelinsky reaction is 


(a) R- CH— СООН (b). R—CH, — COX 


X 


(с) R- C— СООН (d) “2 CH,— COOH 


ee EE 


X 


VERY SHORT ANSWER Type Questions 
9. Write the IUPAC name of the following 


compound: 
CH, — CH — CH, —COOH 
OH All India 2014 
10... Write the IUPAC name of 
COOH 
Br Cl = All India 2011C 


11. Write the IUPAC and common name of 
eu" 
COOH 
12. Draw the structure of 2-hydroxybenzoic acid. 
Deihi 2014 
13. Draw the structural formula of hex-2-en-5-ynoic 
acid. : 
14. What happens when methylbenzene is oxidised 
with alkaline KMnO; ? All India 2014 
15. Arrange the following compounds in the 
increasing order of their property as indicated. 
Cl— CH,— COOH, F— CH,— COOH, 
CH3—COOH (acidic character) 
NCERT Exemplar; All India 2015 
16. Arrange the following compounds in the 
increasing order of their acidic strength. 
(CHg)3CCOOH, CH3CH, б OOH. 
| Вг 
(CH з) СНСООН, CH, — йн шын 
Вг 


17. Give simple chemical tests to distinguish 
between the following pair of compounds. 
Benzoic acid and phenol. Delhi 2013 

18. Write the reagents required in the following 


reaction: СНзСООН СНз — CONH; 
All India 2015 
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19. Ма 
E di а, a Used in the following reaction. 
eHs 2—CHs—— CeHs—COO-K* |. pettia018 


20. 
Predict the product of the following reaction: 


CH4COONa —NeoWceo ? 


а Delhi 2015 
* Complete the following reaction: 
CHCOOH —Br/P , 
sCOOH Delhi 2013 


SHORT ANSWER Type I Questions 
22. In T following reactions, identify thé’tdmpounds A 
and В. 


(i) В—См—Ну%шоузь , 
H*/H,O/A 


(ii) A+ SOC —+B+S0, T+ НСТ 


23. Give the decreasing order of acidic character of the 


ANH. 


following compounds: 
M COOH COOH COOH COOH 
OH 
G) : | 
он 
| он 
COOH COOH  COOH COOH. 
TORO 
NO, OMe Me’? 


24. How will you convert the following? 
(i) Ethanal to 2-hydroxy propanoic acid 
(ii) Toluene to benzoic acid 


25. Predict the products of the following reactions: 


ane cy, _ oos! KOH 
1 — 
6H, aa 


COOH ы 
‘i Cy BFB оо 


26. Arrange the following compounds in the increasing 
order of their property as indicated. 
(i) CH,CH,CH(Br)COOH, 
CH,,CH(Br)CH, COOH, (CH, )) СНСООН, 
CH,CH,CH,COOH (acidic strength). 
(ii) Benzoic acid, 4-nitrobenzoic acid, 3,4-dinitro 
benzoic acid, 4-methoxy benzoic acid 
(acidic strength). 


All India 2013 


All India 2015 


NCERT 
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Presence of electron withdrawing Broup 
. (EWG) makes an acid more acidic, As the | 
distance between EWG and — COOH iio | 
increases, acidity decreases. p 
As the distance between -/-effect showin 
group and —COOH group increases, acidity 
decreases, 


27. How do you convert the following? 
(a) Ethanal to propanone 


(b) Toluene to benzoic acid 


Account for the following: 
(a) Aromatic carboxylic acids do not 
undergo Friedel-Crafts reaction, 
(b) pK, value of 4-nitrobenzoic acid is lower 
than that of benzoic acid. CBSE 2018 


Compound A was prepared by the 
oxidation of compound B with alkaline 
KMnO,. Compound A on reduction with 
lithium aluminium hydride gets 
converted back to compound B. When 
compound A is heated with compound в 
in the presence of H5SO,, it produces fruity 
smell of compound C. To which family, the 
compounds A, B and C belongs to? 

j NCERT Exemplar 


28. 


; Е “эл 
Presence of electron withdrawing group (EWG) makes | 
an acid more acidic. As the distance between EWG | 
and (— COOH) group increases, acidity decreases. | 


29. Arrange the following in the increasing 
order of their property indicated. 
(Any two) CBSE SQP (Term-I]) 
(i) Benzoic acid, phenol, picric acid, 
salicylic acid (pK, values). 

(ii) Acetaldehyde, acetone, methyl 
tert-butylketone (reactivity towards 
NHOH). 

(iii) Ethanol, ethanoic acid, benzoic acid 
(boiling point). 


SHORT ANSWER Type II Questions 
30. Identify the compounds A, B and C in the 
following reaction. 


E . 
СНз—Вг8/ Ether га СО», гв] 
(ii) Water 


єнгон/ i 
NCERT Exempla! 


d. 


y chydes Ketones and Carboxylic Acids 


T ccount for the following, 
(i) CI— CH;COOHis a stronger acid than 


СНзСООН. 
ii) Carboxylic acids do not gi 
carbonyl group. ot give ш Mf 
elhi 2014 
[ONG ANSWER Type Questions 


2. complete the following reactions: 


0 ӨЫ к, 


H,0 
соон, n t 
(i) i H4- 3.4) 
COOH 
Br 
„о ме ^ M 
(ii) (ii) = (4) 


(i) Write the products of the following reactions: 


(а) К ия 


(b) 2С6Н5СНО + conc. NaOH — 


33. 


(с) СНзСООН Bil, 


(ii) Give simple chemical tes 
between the following pa 


(a) Benzaldehyde and benzo 


ts to distinguish 
irs of compounds. 
ic acid. 


(b) Propanaland propanone 
All India 2020, 2014 

34. Give the simple chemical tests to distinguish 

between the following pairs of compounds. 

(i) Acetophenone and benzophenone 

(ii) Phenol and benzoic acid 

(iii) Benzoic acid and ethyl benzoate 

i -2- d pentan-3-one 

(iv) Pentan-2-one anc P -— 


) 
(v) Ethanal and propanal 
35. (i 


tion. 
takes place at meta pos 
(b) Carboxylic acids do not 81% characteristic 
reactions of carbo yl group. i 
(ii) Give simple chemical test 0 debe 
* bétween the following P 0 ae 
one a nza 
$ ue hylbenzoate 


(b) Benzoic acid a 


8, 
-Aa 
V 


Or 


(i) Write structures of A, P. Cand D іп the 

following reaction sequence: 

* * 74. Basi KL Naf) 
CH,COCI НР. Bast, A Di Чан, 

А cH Меен 0 
B —C ide iaaa y 
(ii) Arrange the following compounds in the 

increasing order of their boiling points: 


CH,CHO, CH,CH;OH. CH;OCH;, CHCOOH 
АП India 2017C 


36. (i) How will you convert 
(a) benzene to acetophenone? 
(b) propanone to 2-methylpropan-2-917 
(ii) Give reasons 

(a) Electrophilic substitution in benzo 
takes place at meta position. 

(b) Carboxylic acids are higher boiling liquids 
than aldehydes, ketones and alcohols cf 
comparable molecular masses. 

cts of the following reactions: 


ic acre 


Or (i) Write the produ 


(а) о 
( Уном нв 
(b) CH3MgBr + CO _Dryether_, 
m 
(c) CHjCH,COOH + Br _ Red phosphorus, 


(ii) Write a simple chemical test to distinguish 
between the following pairs of compounds. 
(a) Propanal and propanone 
(b) Benzaldehyde and Benzoic acid 
Delhi 20176 
37, An organic compound * A'CgHg on treatment 
with dilute НЊ504 containing mercuric sulphate 
gives compound В“ This compound 'B can 
also be obtained {гош a reaction ої benzene with 
acetyl chloride in presence of anhy. ACH. В on 
treatment with Ip in aq. KOH gives 'C'andà 
UD", Identify А,В,С and D. Give 


yellow compounc 
the chemical reactions involved. CBSE SQP 2021 


38 (i) Write the reaction for cross aldol condensation 
of acetone and ethanal. CBSE SQP 2021 
(ii) How will you carry out the following 


conversions 
(a) Benzyl alcohol to phenyl ethanoic acid 
b) Propanone to propene 

(c) Benzene to m-nitroacetophenone 


13. 


| HINTS AND EXPLANATIONS | 


| 

сосн, 
(a) NOOC—CHy—CH-—COOR 

(M (оа) 

Common name > a-acetyl succinic acid. 
TUPAC name > 2- (1-oxoethyl) butane-1, 4-dioic acid. 
(d) Primary alcohols are readily oxidised to carboxylic acids 
with common oxidising agents such as KMnO; in‘reutral, 


acidic or alkaline medium or by KCrO; and CrO, in 
acidic medium. 


CH4(CH;).CH,OH =_————————эСн,(СН„)„СООН 
3(CH2)sCH, or CrO,-H,s0, > 3(CH2)g 
(c) Formic acid cannot be Prepared by Grignard reagent 
because it is a Step up process i.e. used to synthesise 
carboxylic acids having one carbon atom more than that 
present in reactant. As formic acid (HCOOH) contain one 
carbon atom. So, it cannot be synthesised by this method. 
(d) СІ С —COOH is the strongest acid due to presence of 
three electron withdrawing chlorine group (СІ,), next to 
—COOH group. | 
(с) Carboxylic acids on heating with mineral acids such as 
H5SO, or P,O; give corresponding anhydride. 
(c) Soda lime is a mixture of NaOH and СаО in the ratio of 
3:1. This is used as reagent in decarboxylation reaction. 


E NaOH and СаО 
RCOONa— — "7", RH 4 Na,CO; 
Alkane 


(d) Na „СО, is the by product formed in the given reaction. 


~+  NaOHand 
R—COONa — 5 RH + Na,CO, 
CaO, heat 
(a) Carboxylic acids havin 


g an a-hydrogen аге halogenated 
ment with chlorine or bromine in 
the presence of small amount of red phosphorus to give 
a-halocarboxylic acids, The reaction is known as 
Hell-Volhard-Zelinsky reaction, 


at the a-position on treat 


e 3-hydroxybutanoic acid 


3-bromo-5-chlorobenzoic acid 
Common Name Phthalic acid 
IUPAC Name Benzene-1, 2-dicarboxylic acid 


Фа 
OH 


2-hydroxybenzoic acid 


2—C =C—cooy 


Hex -2-en -5-ynoic acid 


14. Benzoic acid is obtained. 


CH, COOH 
дын 
KMnO, 
ikalO red +H,0 
Kahna Benzoic acid 


15. The correct increasing order of acidic character of 
carboxylic acids is : 
(0) СІ О 
| | 


CH4— C— ОН < CH; — C —OH 
F О 


F being more electronegative, produces greater- È 
effect than Cl atom due to which F-atom withdraws 
electron from O—H bond and thereby making 
O—H bond weaker and hence, facilitates the 
of H* ion from O— Н bond. 

Hence, FCH;COOH is stronger acid than 
CICH;COOH and CH4COOH. In CH3COOH, due to 
+1-effect of methyl group, electron density in O —H 
bond increases. 


As a result, release of H* ions from acetic acid 
becomes more difficult. 


16. CH,;CH,CH COOH > x СНСООН > 


Telease 


Br Br 
(CH3),CHCOOH > (сн,);ссоон 
17. Benzoic acid and Phenol Benzoic acid reacts with 


sodium bicarbonate to Produce effervescence of 
carbon dioxide whereas phenol does not. 


- + 
СООН COONa 
(ef + NaHCO; —, Cr 


+Н›О + CO;f 
18, CHa— COOH Sis, cH, CH, 
BELLE 


19. Cd; —CH,— CH, КМ җон 4 


CH. COOK’ 
-+ 
20. CH;COON а—Ч0Н00 Сн, —H +Na,CO, 
21. СНСООН Ват oy СООН 
Acetic acid fe 
Br 


Q.-bromoacetic acid 


22. (i) A =RCOOH 
(ii) A = RCOOH, p- RCOC] 


К chydes, Ketones and Carboxylic Acids 


23 (i) The decreasing order of acidic Strength is 
COOH COOH COOH 


COOH 
OH 
> > > 
OH 
OH ` 


(ii) Refer to text on page 340. 
n. @ Ethanal to 2-hydroxy propanoic acid 


HC H4C, /OH 
С=О + HCN — 
H^ H/ ‘CN 
Ethanal Acetaldehyde 
cyanohydrin 
2H,0 TOU ОН 
*Hd'  H/ “соон 
2-hydroxypropanoic acid 
(ii) Toluene to benzoic acid 
CH; COOH 
K,Cr,0, + H,SO, ; 
——L——À 
(Oxidation) 
Toluene `_— Benzoic acid 
‚25. LN 
CH; COOK 
" Я КМлО,/КОН 
(Qmm CY 
Toluene Potassium 
benzoate 
И СООН 
— 
Benzoic acid 
; . COOH 
= COOH Br,/FeBr, 
(ii) Боны? + HBr 
: Br 
Benzoic | И" 
а m-btomobenzoic acid 


26. (i) As +I- effect of isopropyl group is more than that of 
n-propyl group, therefore, (СН з); СНСООН is a 
weaker acid than CH4CH;CH;COOH. Since, 

-]- effect decreases with distance, therefore, 
CH,CH,CH(Br)COOH is a stronger acid than 
CH,CH,CH(Br)CH,COOH . 
Hence, increasing order of acidic strength is: 
(CH4), CHCOOH < CH4CH;CH;COOH 

< CH4CH(Br)CH;COOH 

< CH4CH;CH(Br)COOH 

(ii) Electron donating group (— OCH;) decreases the 

acidic strength therefore, 4-methoxy benzoic acid is 
a weaker acid than benzoic acid whereas electron 
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withdrawing group (—NO;) increases the same 
therefore, both 4-nitrobenzoic acid and 
3,4-dinitrobenzoic acid are stronger acids than 
benzoic acid. Further, due to the presence of an 
additional — NO; group at m-position with respect 
to COOH group, 3,4-dinitrobenzoic acid is a little 
stronger acid than 4-nitrobenzoic acid. 

Hence, increasing order of acidic strength is 
4-methoxy benzoic acid < benzoic acid < 
4-nitrobenzoic acid < 3,4-dinitrobenzoic acid. 


27... (a) Ethanal to propanone 


OMgBr 


бүз! 
CH,CHO а: сн,сн—сн,-®®%=, 
Ethanal 
D 1 
Oxidati 
CH,—CH—CH, = 
Propan-2-ol KCr;O; H; SO, 


(b) Toluene to benzoic acid 


CH; COOH 
. K;Crj07*H;50, 
А Oxidation 
Toluene | Benzoic acid 
Or 


(a) The —COOH group attached to benzene ring is 
electron withdrawing in nature and thus deactivates 
Ring. Secondly, the catalyst used in the reaction, ie. 
AICI, is a Lewis acid which has the tendency to bonded 
to carboxyl group. 

That’s why aromatic carboxylic acid does not 
undergo Friedel Craft’s reaction. 

(b) Lower pK, value means stronger acid. pK, value of 
4-nitro benzoic acid is lower than benzoic acid due 
to following reasons: 

(i) Due to -land -R effect of —NO, group, electron 
density in O—H bond decreases, thus it becomes 
weak and easily loses a proton and therefore it is 
more acidic. 

(ii) Due to - and -R effect of —NO, group, 
delocalisation of — ve charge occurs and 
p-nitrobenzoate ion becomes more stable than 
benzoate ion. 


Alkaline KMnO, 


28. RCH,OH oi 


R COOH 
A 
mau Carboxylie Ж 
R COOH ЦАН К CH; OH 


Carboxylic acid ———*4 Alcohol 
(A) (B) 


H,SO, 
RCOOH + RCH,OH === RCOOCH,R+ H,O 
Acid Alcohol A Ester 
(C) 
(Fruity smell) 
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29. (i) Weaker is the acid means higher is the pK; value. The 
acidity of the given compounds decreases as 


COOH COOH OH 


Benzoic acid Phenol 


OH 
ON NO, On à | 
z В 
NO, 


Salicylic acid 

Picric acid 
Thus, increasing order of pK, value will be 

COOH !JÁCOOH 


OH 
NO, NO 2 OH | 
< p 
NO, | он 


(ii) Aldehydes and ketones react with NH,OH in weakly 
medium to form compounds containing >с =N 


group. The order of reactivity decreases with increase 
in +l-effect of alkyl group. It also decreases with 
increase in steric hindrance due to the size as well as 
number of alkyl groups. On considering these two 
factors, the increasing order of reactivity is 


o CH, Qe ui 
la. Л t UN 
CH; —-C--C -— CH; < СН» >C —CH; 
4 А (Acetone) 
CH; О 
(Methyl tert-butyl ketone) | 
< CH,2- C—H 
‚ (Acetaldehyde) : 
i COOH 


(ш) CH4CH;OH 
Ethanol Ethanoic acid 

(Molar mass =46.0) (Molecular mass = 60) 

1 


CH4COOH 


Benzoic acid 
(Molecular mass = 122) 
© I 


Boiling point of carboxylic acids is higher than 
alcohols because they have high extent of H-bonding 
with water, due to which they exists as associated 
molecules. Thus, II and III have higher boiling point 
than I. Also boiling point increase with increase in 
molar mass. 

Thus, boiling point of III is higher than II. Therefore, 
the increasing order is J < II < III. 
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30. Complete chemical conversion can be done as: 


CH, —Br Mg/ Ether CH3MgBr 2290, 

А) П) Water 

Бареа Meth {рн 
bromide 
OH/H* 

cH,coou S997, сн,соосн, 

C) 
Ethanoic acid Methyl ethanoate 


Hence, A = CH3MgBr, В = СНзСООН, 
О 


| 
C =CH;—C— O— CH, 


31. (i) CL—CH,COOH is a stronger acid than 
CH34COOH. It is because — СІ group exhibits 
—I-effect which makes the carboxylate ion more 
stable. Higher the stability of carboxylate ion, easier 
is the removal of proton from the carboxylic acid 
and stronger is the acid. In CH43COOH, —CH, 
group has +J-effect which destabilised it. Hence, 
CH3COOH is a weaker acid. 

(ii) Carboxylic acids contain carbonyl group but do not 
show the reactions of carbonyl group such as 
nucleophilic addition reaction like aldehydes 
and ketones. 

Because of the presence of lone pair of electrons on 
the O-atom of —OH group, the electrophilic 
character of carbonyl carbon: by resonance 
decreases, hence the partial positive charge on 
carbonyl carbon atom is reduced and therefore, they 
do not show nucleophilic addition reactions. 


32. (i) Е B-( oen 


Br 
es CH: D = CH, 
CN COOH 
ete 
И жы pie мн} 
COO-NHÍ 


(iii) Refer to text on page 338. 


(iv) A= | 2-coo wu; В = | “cont 
\ ^ EON 


33. (i) (a) Refer to text on page.317 example 2 (i). 
(b) Refer to text on page 321. 


" des; Ketones and Catbosylie Acids 


Acetic acid 


Р 
92% срснсоон © 


Dichloroacetic acid 


CICH COOH 


Monochloroacetic acid 


Cl,CCOOH 
Trichloroacetic acid 


ü (a) Benzaldehyde and benzoic acid 
NaHCO; test Benzoic acid being an acid reacts 
with NaHCO, solution, to produce brisk 
effervescence due to evolution of CO, while 
benzaldehyde does not give this test, 
C,HsCOOH+ NaHCO, —› 


-4 
CeHsCOONa + CO, Î + H,0 


NaHCO, solution 
C,H;CHO t———- No effervescence 


(b) Propanal and propanone Propanone 
responds to iodoform test whereas propanal 


(CH4CH;CHO) does not due to the absence of 


CH4CO— group. 


NaOH, 

CH,COCH,+ змог “29 

 Propanone Sodium "ES 
hypoiodite 


< -.+ ' \ 
CHI, 4+CH,CO ONa + 2Na0H 
(Yellow ppt.) Sodium 
Iodoform acetate 


34. (i) Acetophenone and benzophenone Acetophenone 
(СеН;СОСН;) gives positive iodoform test whereas 
benzophenone (C,H;COC,Hs) does not. 

(ii) Phenol and benzoic acid Benzoic acid reacts with 
sodium bicarbonate to produce effervescence of 
: — carbon dioxide whereas phenol (C,H;OH) does not. 


Benzoic acid И 
COONa 
NL H,0 + со; 


Sodium benzoate 


(iii) Benzoic acid and ethyl benzoate Benzoic acid 
reacts with sodium bicarbonate to produce 
effervescence of carbon dioxide whereas ethyl 
benzoate (C,H;COOC;H;) does not. 


-+ 
Benzoic acid OONa 


+ H,0 + со 


Sodium benzoate 
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an-J3-one Pentan-Z-one 
ds iodoform test whereas 
H;) does not. 


(iv) Pentan-2-one and pent 
responds positively towar 
pentan-3-one (С 2Н;С0С; 


СН; —со— СН; = CH; —_ CH; + 3NaO0I 


Pentan-2-one 
Hat, curl + CHjCH;CH;COONs + ZNaOH 


(Yellow ppt.) 
(v)Ethanal and propanal Ethanal responds positively 
towards iodoform test whereas 
nv y (CH3 CH; CHO) does not. 


CH,CHO +з%һо1—#=— CHI} + HCOONa 


Ethanal lodoform 
(Yellow ppt) + 2МОН 


35. (i) (a) Electrophilic substitution in benzoic acid takes 
places at meta position because carboxylic group 
is a deactivating group. The presence of electron 
withdrawing carboxylic group results ina — 
decreased electron density at o - and p — positior- 

(b) Due to resonance, electrophilicity of carbony! 
carbon is reduced. н 

(ii) (a) Add NaOH and I, to both the compounds and 

heat them. Acetophenone forms yellow precipitate 
of iodoform while benzaldehyde does not. 

(b) Add NaHCO, solution to both the compounds. 
Benzoic acid will give effervescence and liberate 
CO, while ethylbenzoate does not. 

Or 


() cg, coc] 9282804, oy сно 2. №09, 
Т 
|снумевьн;о" 
сң,-Сн-он 


CH; 
(D) 


CH,-CH-CH,CHO 


OH 
(B) 


|^ 
CH,—CH-—CHCHO 
(©) 
(ii) The correct increasing order of the boiling points is : 
CH,—0—CH, < CH,CHO < CH,CH;OH | 


| <CH,C 
36. (i) (a) Benzene to acetophenone dns 


0 
| 


г 0 
| 
@ +CH;C —9 NCH, 
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(b) Propanone to 2-methylpropan-2-ol 
o ^" ens 
CH; C CH, + CHgMgX—— CH4— C —OMgX 


СН» 
СН; 
H0 
— 5 CH;—C— oH 
GH, 


(i) (a) Refer to solution 36 (i) (a). : 
E 
(b) Due to extensive association of carboxylic acid 


D 


molecules through intermolecular hy drogen 
bonding. 


(b) CH,MgBr + CO, — е ›сн,соОН 
3 


‚_ Red 
(c) CH,CH;COOH + Br, —PhesPhomus —— 
сн, — CH- COOH 


(ii) (a) Propanal and propanone Br 
Add ammoniacal solution of silver nitrate or 
Tollen's reagent to both the compounds, 
propanal will give silver mirror while 
propanone does not. э, A 

(b) Benzaldehyde and benzoic acid 


Add NaHCO; solution to both the compounds, 
benzoic acid will give effervescence and liberate 
СО», while benzaldehyde will not. 


37. A, B, Cand Drespectively are 
COCH, 


П 


с==сн COOK 


(A) ` (B) (С) (Р) 
Complete reactions аге as follows : 
e CH6 on reaction with dil. H,SO,, HgSO, gives 


' ,COCH, 
O с==сн 


(В) Hg?*/H* 
*HQ AK 


COCH, 


(A) i (В) 
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e C,H4COCH, (B) can also be obtained from benzene with 
acetyl chloride in presence of anhyd. AlCl}. | 


This reaction is known as Friedel-Craft 
acetylation reaction. ' 


Anhyd. 
+ СН;СОС1 Ас, 
. ; (B) 


| COCH, 
Cy ui on treatment with I, in aq. KOH gives 
i om 
СОСН, ' l COOK 
, L, aq. KOH Cr +CH 4 
(B) (С) (D) 


38. (i) Cross-aldol reaction is carried out between two different 
aldehydes or ketones (acetone and ethanal). 
It gives a mixture of two products. 


Dil. NaOH 
———2À 


COCH, 


CH4COCH, + CH,CHO 
(CH3); C(OH)CH;CHO * CH,CH(OH)CH;COCH, 
Hi ! 
—ÀÓXCH3),C = CHCHO 4 CH,CH — CHCOCH, 
(ii) (a) 


CH,OH сна |. CH,CN 
SOCI. | 
CH,COOH 
H*/H,0 
——— 


4 


H Pd H,SO 
CH4CH = CH; 
CH4COCI," 


COCH, COCH, 
anhyd. AICI, HNO,. Н,504 


Г, { 
© NO, 


(c) 


b ! 


SUMMARY 


dehyde and Ketones 


functional group and are classified into aldehydes and ketones 
‚ Carbonyl compounds show chain isomerism, position — 
junctional isomerism and metamerism. 5 | 
preparation j E NIES NIE 
„) Common methods for the preparation of bolh: 
aldehydes and ketones аге: . ... n 
‚ Oxidation of alcohol ы 
‚ Catalytic dehydrogenation 
‚ Ozonolysis | 
(b) Preparation of only aldehydes 
= e Reduction of acid chlorides and ester. 
« Reduction of nitriles | 
‚ Reduction of methylbenzene - 
‚ Side chain chlorination followed by hydrolysis. ` : 
+ Gattermann Koch reaction. 
(c) Preparation of only ketones 
* By treating dialkyl cadmium with acyl chloride 
• By treating acid chloride in the presence of anhy. АС» 
* By treating Grignard reagent with nitrile followed by 


hydrolysis - 


' Physical properties | 

* Lower members of aldehydes ап 

to the formation of H-bonding and t 
number of carbon increases in the alkyl chain. 

* Their boiling points are higher than the corresponding 
hydrocarbons and ether but less than the corresponding alcohols 
due to the absence of hydrogen bonding. 

* Aldehydes can be distinguished from keton 

. Fehling solution and Benedict solution. 

* Aldehydes and ketones with o.- hydrogen 
condensation and without, a-hyarogen un 
reaction. 

* Reaction with 2,4-DNP can be used 
Carbonyl group. 


dketones are soluble in water due 
he solubility decreases as the 


es by Tollen's reagent, 


undergo aldol 
dergo Cannlzzaro's 


io identify the presence of 


> <e Carboxylic Acid 
‚ Carbonyl compounds are sp? hybridised containing 0-44 i 


0 
| 


* Carboxylic acids are the compounds having— C—O 
functional group. These can be classified as 
monocarboxylic acid, dicarboxylic acid etc. depending 
on the number of —COOH group present. 


m Monocarboxylic acids 
ak (Carboxylic acids are prepared by 
(a) oxidation of primary alcohols, aldehydes anc 
alkenes 
(b) by hydrolysis of nitriles 
(c) by the treatment of Grignard reagen 
dioxide. І 
(9) Acidic hydrolysis of esters. 


ts with carbon 


« Physical properties 
• Carboxylic acids are polar due to the presence cf 
O 


Y and —OH group. Thus, form H-bonds. 
* They exist in dimeric forms due to intermolecular 
hydrogen bonding. 
« Acids have high melting points. 
. * Acidic nature 
• Carboxylic acids are most acidic due to the formation of 
carboxylate ion which is stabilised by resonance. 
EWG increases the acidity and EDG decreases the 
acidity of carboxylic acids. 
More the % s-character of a-carbon, more is the acidic 
character. 
Peroxy acids are less acidic due to the absence of 
resonance. 
Aromatic carboxylic acids are prepared by side chain 
oxidation of alkyl benzenes. 
Carboxylic acids are reduced to alcohols with LIAIH ог 
H, in the presence of copper chromite. 
— COOH group in benzoic acid is meta-directing as 
well as de-activating in nature. 


CHAPTER 


PRACTICE 


OBJECTIVE Type Questions 


(a) Ether (b) Acetone 

(c) Acetophenone (d) Benzophenone 
2 Ethyne+ H,O E 

H5SO0, | 

Product formed іп the given reaction is 

(a) benzaldehyde (b) acetaldehyde 

(c) ethanoic acid (d) ethanoyl chloride 
3 Thereaction, | x 

RCN 4 5001, + HCl — RCH=NH—2">RCHO 

is known as 


(a) Etard reaction 
(b) Holoform reaction 
(c) Gattermann-Koch reaction 
(d) Stephen-reaction 
4 Reagent(s) used for the reduction of aldehydes 
and ketones are 
(а) МАЈН, (b) NaBH, 
(c) Catalytic hydrogenation (d) «АШ of these 
5 Inthe vapour phase or in the aprotic solvents 
carboxylic acids exist as | 


(a) dimer (b) trimer 

(c) tetramer (d) All of these 
CASE BASED Questions 
Case | 


An efficient, aerobic catalytic system for the 
transformation of alcohols into carbonyl compounds 
under mild conditions, copper-based catalyst has been 
discovered. This copper-based catalytic system utilises 
oxygen or air as the ultimate, stoichiometric oxidants, 
producing water as the only by-product. 

AW 
#-9—он 5% DBADH;; Ор; 7-0 
1 Toluene, 70 lo 90°С А? 2 


A wide range of prim 
alcohols can be smoot 
aldehydes or ketones in go 
conveniently used instead o 
efficiency of the process. However, 
slightly longer reaction times. 


a 
of rA 


1 Whatis the common пате of dimethyl kctone? 


This process is not О 
large-scale reactions 
The following questions are multiple choice ques 
most appropriate answer : 

6 The copper based catalyst mention in the study 


ary, secondary, allylic and benzylic 
hly oxidised to the corresponding 

od to excellent yields. Air can be 
f oxygen without affecting the 


the use of air requires 


nly economically viable and applicable to 
but it is also environmentally friendly, 

tions. Choose the 
CBSE SQP 2021 


above can be used to convert 
(a) propanol to propanonic acid 
(b) propanone to propanoic acid 
(c) propanone to propan-2-ol 
(d) propan-2-ol to propanone 
The carbonyl compound formed when ethanol | 
gets oxidised using this соррег- based catalyst can 
also be obtained by ozonolysis of 
(a) but-1-ene (b) but-2-ene 
(c) ethene (d) pent-1-ene 
Or 
Which of the following is a secondary allylic 
alcohol? 
(a) But-3-en-2-ol 
(c) Prop-2-enol 


(b) But-2-en-2-ol 

(d) Butan-2-ol 

Benzyl alcohol on treatment with this 

copper-based catalyst gives a compound ‘A’ which 

on reaction with KOH gives compounds ‘B’ and 'C. 

Compound 'B'on oxidation with KMnO,- KOH 

gives compound ‘C’. Compounds ‘4’, 'B' and ‘C 

respectively are 

(a) banzaldehyde, benzyl alcohol, potassium salt of 
benzoic acid 

(b) banzaldehyde, potassium salt of benzoic acid, benzyl 
alcohol 

(c) banzaldehyde, benzoic acid, benzyl alcohol 

(d) benzoic acid, benzyl alcohol, benzaldehyde 
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g An organic compound 'X' with molecular 10) Assertion Benzoic acid, 2, 4-dinitrobenzoic acid, 
formula СзНвО on reaction with this copper 4-methoxybenzoic acid are in increasing order of 
based catalyst gives compound 'Y which acidic strength. 
reduces Tollen's reagent. ‘X’ on reaction with Reason The have —COOH group. | 
sodium metal gives ‘Z’. What is the product Or Assertion Monochloro ethanoic acid has a higher 
of reaction of ‘Z’ with pK, than dichloroethanoic acid? 
2-chloro-2-methylpropane? Reason This is because dichloroethandic acid is a 
(a) CH,CH,CH,OC(CH,) stronger acid than mono chloroethanoic acid. 

3 2 2 3/3 
(b) CH,CH,OC(CH,), 11 Assertion Cl—CH,COOHis a stronger acid than 
(с) CH, = C(CH,), СН ОӨН-- 
(d) СН,СН,СН = C(CH,), Reason — СІ group exhibits +] effect. 
Case Il 12. Assertion 28 —COOH+ Na —+ 2R—COONa+ H;* 


Carboxylic acids evolve hydrogen with metals and 


І pue Ар Reason Reaction shows the acidic nature of 
form salts with alkalies similar to phenols. However, 


ет iih weaker hatez hi carboxylic acid. 
unlike phenols, they react with weaker bases like . . +. Р 
sodium carbonate and hydrogen carbonate to evolve 13 Assertion Acid chloride is formed when carboxylic 
carbon dioxide. | acids are treated with thionyl chloride. 
; ИК. МИР Reason When carboxylic acid are treated with thiony! 
In aqueous solution, carboxylic acids ionise and exist in à i AY" сеа 
dynamic equilibrium between the resonance stabilised стоте, acid chiegicgAxirmed. The reaction is as 
carboxylate ions and the hydronium ions. ! " " 
CH,COOH «SOCl,— снсоа «50,7 HQ 
f Acetic acid Acetyl chloride 
REN Lo HO q= з! ASSERTION and REASON 
E B Directions (Q; Nos. 14-21) In the following questions. an 
P 2) F Assertion (A) is followed by a corresponding Reason (R) Use the 
+ ~ 1 д ollowing keys to choose the appropriate answer. 
HjO «| R-C¢+—>R-C., |= С: $ 59 рр 
N X N (a) Both (A) and (R) are correct, (R) is the correct 
О Qo O explanation of (A). 


(b) Both (A) and (R) are correct, (R) is not the correct 
explanation of (A). 


(c) (A) is correct; (R) is incorrect. 
(d) (A) is incorrect; (R) is correct. 


Resonance stabilisation of carboxylate anion is more 

than that of undissociated carboxylic acid. Therefore, 

greater stability of carboxylate ion is responsible for the 

acidic character of carboxylic acids. Carboxylic acids are 

more acidic than alcohols because carboxylate anions 

вн cae lt pend edi acids Reason (R) The strong electron releasing effect of the 
кеин аара, carbonyl group make the stabilisation of the 

т the question that follow Assertion and Reason are conjugate base by the resonance. 

Sven, Reason is purported to the explaination for 5 ‘Assertion (A) IUPAC name of 

Assertion, Study carefully and then mark your answers, НООС -- CH,), CO OH is A RE 

rording to the codes given below, Reason (R) In compounds containing more than one 

carboxyl group, ‘-e’ of the alkane is retained, and 


Assertion (A) a-hydrogen atoms of carbonyl 
compounds are acidic. 


Marks your answer as : 


(а) = (A) and R) are true and (R) is the correct prefix ‘di’ is added to the term-'oic'. 
ex ti A). "P 

b) А (аы М бше but (R) ts ving the 16 Assertion (A) Carboxylic acids are more acidic than 
correct explanation of (A). phenols, | 

(c) (A) is true but (R) is false. | Reason (В) Phenols аге ortho and para-directing. 


(d) (A) is false but (R) is true. 
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17 Assertion (A) Carboxylic acids have higher 
boiling liquids than aldehydes, ketones and even 
alcohols of comparable molecular masses. 
Reason (R) More extensive association of 
carboxylic acid molecules through 
intermolecular hydrogen bonding is responsible 
for the high boiling point of carboxylic acid. 


Assertion (A) Aromatic aldehydes and 
formaldehyde undergo Cannizzaro reaction. 
Reason (В) Aromatic aldehydes are almost as 
reactive as formaldehyde. 


Assertion (A) Aldehydes and ketones, both react 
with Tollen's reagent to form silver mirror. 


18 


19 


Reason (В) Both aldehydes and ketones contain 
a carbonyl group. 


20 Assertion (A) Formaldehyde is a planar 


molecule. | 
Reason (R) It contains sp?-hybridised carbon atom. | 


21 Assertion (A) Compounds containing —CHO 


group are easily oxidised to corresponding 
carboxylic acids. 


Reason (R) Carboxylic acids can be reduced to 
alcohols by treatment with LiAlH,. 


VERY SHORT ANSWER Type Questions 


22 Why there is a large difference in the boiling 


points of butanal and butan-1-01? 


23 Dipole moment of CH,CH,CHO (propanal) (25 D) 
is greater than that of but-1-ene (0.30 D). Why? 

24 Explain cyclohexanone is more reactive with 
HCN than cyclopentanone. 

25 Oxidation of ketones involve carbon-carbon 
bond cleavage. Name the products formed on 
the oxidation of 2,5-dimethyl hexan-3-one. 

26 Name any two reagents which are used to 
distinguish between aldehydes and ketones. 

27 How will you convert bromobenzene to 1-phenyl 
ethanol? 

28 pK, of chloroacetic acid is lower than pK, of 
acetic acid. Why? 

29 Why is C—O bond shorter in RCOOH than in 
RCHO? 

30 


Complete the following reaction. 


(O) (i) BryFe 


(i) СО», dry ether 
(ii) Mg/Bther (А) 


(ii) HyO 


(B) 


31 


33 


Or 


38 


39 


40 


41 


42 


43 : 
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Consider the following reaction, 


О 
| Ht A 
— oH E- Product A 
2R—C—OH Р,О;,А 
Identify the product A. 


Write the IUPAC name of the following compoung 
О 


| 
CH, — CH — CH;— CH,— C—H 
СН» 
Draw the structures of vanillin, cinnamaldehyde 
and salicylaldehyde. 


What is Clemmensen reduction? All India 2013 


Illustrate the following name reaction giving 
suitable example: Clemmensen reduction 
Delhi 2012, 2009, 2008, АП India 2011, 2010 


Complete the reaction, 


& 2-cHo KOH (aq) 


Draw the structural formula of hex-2-en-4-ynoic 
acid. NCERT 


Illustrate the decarboxylation reaction giving a 
suitable example. Delhi 2012 


SHORT ANSWER Type I Questions 


Sodium bisulphite is used for the purification of 
aldehydes and ketones. Explain. 

Di-tert-butyl ketone does not give a NaHSO, 
adduct but acetone does. Give reason. 


Why is it necessary to control the PH during the 
reaction of aldehydes and ketones with ammonia 


derivatives? 
Write the products of oxidation of 
(i) pentan-2-one and (ii) pentan-3-one. 
Are the major products same or different? Explain. 
Convert 
(i) benzonitrile to acetophenone 
(ii) 1, 2-dicyclohexylethene to cyclohexanone? 


Complete the following reaction and explain the 
formation of products. 


(i) HCOOH Ee naso, 
(ii) CH;COOH+ CH,OH Conc. H2SO4 


aldehydes, Ketones and Carboxylic Acids 


Why benzoic acid does not undergo’ : 
4 Friedel-Crafts reaction? 
ç An aldehyde A(C,,H,0), which does not undergo 
self aldol condensation, gives benzaldehyde and 


2 moles of B on ozonolysis. Compound В on 
oxidation with silver ion gives oxalic acid. 


Identify the compounds A and B. 


Identify the missing compounds in the following 


reaction sequence : 
COOH 
(i) NaBH, : 
i (ii) Н,О* 
Conc. HNO, Е SOCI, B j C 
Conc. HSO; 
47 Convert 


(i) Acetaldehyde to formaldehyde 
(ii) Propanal to butanone 


48 How will you bring about the following 
conversions? 


COOH 
(i) CH,2 CH,— | (Succinic acid) 
COOH 


Me COOH 


COOH 
(ii) 


——ә 


(Toluene) OOH 


(Benzene-1,2,4-tricarboxylic acid) 


49 Complete the following reactions: 
Me 


)-on 5001, (В) Mg/ether (C) 
Me 


50. Describe the following. 
- (i) Cannizzaro reaction 


(ii) Cross aldol condensation ` NCERT 


SÍ Which acid of each pair shown here would you 
expect to be stronger? 


(i) CHCOOH or CH,FCOOH 
(ii) CH, FCOOH or CH, CICOOH 
(iii) CH,FCH,CH,COOH or CH,CHFCH,COOH 


(iv) nc соон 
Or Hsc -( S-con 


All India 2013; NCERT Intext 


53 


54 


55 


56 


57 


58 


59 
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SHORT ANSWER Type П Questions 
52, 


(i) Give the structures of the following: 
(a) Phthaldehyde 
(b) 3-methyl cyclohexane carbaldehyde 
(c) 3-methylbut-2-enoic acid 


(ii) Write the IUPAC names of the following 


structures: 
COOH 
2b ae (a) КҮ 
ON NO; 
COCH; CH; 
(b) (c) 
CH; 


Give names of the reagents to bring about the 
following transformations: 


(i) Benzoyl chloride to benzaldehyde 
(ii) Benzene to benzaldehyde 
(iii) Benzene to acetophenone 


Complete the following equations, giving the 
names of the reactants and the products. 


(i) CoH +... 573, Cu. сосн, 


(ii) (бидон, 


What is a-hydrogen in a carbonyl compounds? 
Write the similarities and differences on the 


reactivity of the compounds CH;CHO and 
C;H;CHO with the reagents: 


(i) NaOH (ii) Tollen's reagent 


Acetone on reaction with HCN gives one compound, 


Whereas acetaldehyde gives two compounds that are 
difficult to separate, Explain why? 


Show how each of the following compounds can 
be converted to benzoic acid? 


(i) Benzamide (i) Propyl benzene 


Account for the following differences in the acidic 
character of the following. 


(i) MeC—CH,— соон > Me,SiCH,COOH 
(il) HC =CHCH,COOH> сн,сн,соон 
(iii) N=sC—CH,COOH >CH;COCH, — COOH 


Identify the products A and B in 
reactions: 


(i) сн;соон-9®, (4) (В) 


(ii) CH.COOH НН (ду neat, py 


{һе following 


aq, NaOH 
——À 
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60 Write down the IUPAC and common name for 
the following. 


(iii) CH, — CHCHO 


Gí Write the chemical equations to illustrate the 
following name reactions. 
(i) Wolff-Kishner reduction 
(ii) Aldol condensation —H 
(iii) Cannizzaro reaction 


LONG ANSWER Type Questions 


62. (i) Write the chemical equations when acetic 
acid reacts with 
(а) Вг, in the presence of phosphorus. 
(b) а, in the presence of phosphorus. 
(ii) Give two reactions in which aliphatic 
aldehydes differ from aromatic aldehydes? 
63 (i) Convert 
(a) Benzoic acid to benzaldehyde 
(b) Propanone to propane 
(ii) Arrange the following compounds in the 
decreasing order of their acidic strength. 
CH;CH;COOH, CH,CH;CH(F)COOH, 
CH4CH(F)CH;COOH, (CH4),CHCOOH 


64 What is meant by the following terms? Give an 
example of the reaction in each case. 
(i) Hemiacetal (ii) Oxime 
(iii) Ketal (iv) Imine 
(v) Schiff's base 


65 Differentiate between the following: 


(i) Propanoic acid and acrylic acid 
(СН, = CH—COOH) 


(ii) 2-bromopropanoic acid (CH, CHBrCOOH) апа 


pyruvic acid (CH, COCOOH). 
COOH 
(iii) Malonic асіа | CH, | and 


COOH 


CH,COOH 


succinic acid | | . 
CH,COOH 


66 Write any three mild oxidising agents that are 
used to distinguish aldehydes from ketones and 
explain the reactions involved. 


Delhi 2014 
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| ANSWERS | 


10 2(0) 300 400 5(9 | 
6 (d) The copper based catalyst mention in the study can be 


used to convert propan-2-ol to propanone. 
Reaction is as follows: 


HC. 50% CuCl, 30% Phen aC A 
сон ae Ус=о 
H,C A | 2 Equiv, K,CO,, HC 
H 5% DBADH рїоралопё 
Propan-2-ol 


(b) The carbonyl compound formed when ethanol gets 
oxidised using this copper based catalyst can be obtaineg 
by the ozonolysis. of but - 2 - ene. Complete reaction is as 
follows : 


5%CuCl, 5%Phen 
он = = асбо, 

Ы Е L0 o, 982020 Nes X "з 
H . H A : б н 
But-2-ene Ozonide 
Zn/H,0 N c= 

H 
Acetaldehyde 


Or 
(a) But-3-en-2-ol is a secondary allylic alcohol. In 
these alcohols, the —OH group is attached to a 
sp*-hybridised allylic carbon (carbon atom next to the 
C—C double bond). 
оз зм N 
H,C =C = CH, sp-C 
OH 
But-3-en-2-ol 


(b) Compounds A, B and C respectively are benzaldehyde, 
potassium salt of benzoic acid, benzyl alcohol. Complete 
reaction is as follows: | 


CH;,OH CHO 
5% CuCl, 5% Phen, 
2 equiv. K;CO, KOH 
5%, DBADH Cannizzaro 
O2, Toluene reaction 
Benzaldehyde 
: (А) 
соок CH,OH 
+ 
Potassium ' Benzyl 
salt of alcohol 
benzoic acid * (B) 


o ! 
KMnO,-KOH  , 


Aldehydes, Ketones and Carboxylic Acids 


9 (c) The product of reaction of 2 with 2-chloro - 2- 


methylpropane is CH, = C(CH,),. Complete reactions 
are as follows: 


5% CuCl, 


CH, CH,CH,OH —————-» CH, CH,CHO 
5% Phen, 
Propanol 2 equiv. K,CO, Propanal 
(X) (0) 
Na-metal 
m Elimination 
CH, CH,CH, ONa reaction 
Sodium propoxide 
+ CH,- C= CH,+NaOH 
(CH,),;-C—Cl 


бн, +CH; (CH,),0H 
2-methyl ргор-1-епе 


2-chloro-2-methylpropane 


10 (c) 4-methoxybenzoic acid < benzoic acid < 3, 4-dinitro 


benzoic acid. Only (A) is correct. 


Or (a) Both (A) and (R) are true and (R) is correct explanation 


11 


12 


1 


w 


14 


15 


16 


17 


of (A). 

(д CI— CH, COOH is a stronger acid than CH,COOH. It 
is because — Cl group exhibits — I effect which makes the 
carboxylate ion more stable. Higher the stability of 
carbohydrates ion, easier is the removal of proton from 
the carboxylic acid and stronger is the acid. In CH,COOH, 


— CH, group has + І effect which destabilised it. Hence, è > 
CH,COOH is a weaker acid. Only (A) is correct. 


(b) Both (A) and (R) are true but (R) is not correct 
explanation of (A). 
(a) Both (A) and (R) are correct and (R) is correct 
explanation of (R). 


(c) The acidity of a-hydrogen atoms of carbonyl 
compounds is due to the strong electron withdrawing 
effect of the carbonyl group and resonance stabilisation of 
the conjugate base. 


е 
0? 


Hence, (A) is correct but (R) is incorrect. 


09 
(a) TUPAC name of HOOC - СН, ); СООН is ` 


butane-dioic acid. For compounds containing more than 
one carboxyl group, the ending ‘-e’ of the alkane is 
retained. The number of carboxyl groups are indicated by 
adding the multiplicative prefix, di, tri etc., to the term 
‘oic’, Thus both A and R is correct and R is the correct 
explanation of A. 


(b) Carboxylic acids are stronger acids than phenols 
because carboxylate ion is much more resonance 
stabilised than phenoxide ion as negative charge is 
delocalised over two electronegative O atom in 
carboxylate anion while in phenol, negative charge is 
localised at only one O -atom. 


(a) Carboxylic acids are higher boiling liquids than 
aldehydes, ketones and even alcohols of comparable 
molecular masses. This is due to more extensive 
association of carboxylic acid molecules through 


18 


19 


20 


21 


22 


23 
24 


25 


26 
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intermolecular hydrogen bonding. Hence, both (A) and 
(R) are correct and (R) is the correct explanation of (A). 


(c) Aromatic aldehydes are less reactive than aliphatic 
aldehyde like formaldehyde. Cannizzaro’s reaction is 
shown by aldehydes which do not contain any a-H atom. 
Such aldehydes in the presence of concentrated solution 
of an alkali undergo self oxidation-reduction to give a 
mixture of alcohol and a salt of the carboxylic acid. For 
example, formaldehyde (HCHO) gives methanol and 
sodium methanoate. 


H H 
| | " сот. 
NI. LONE Hisce Ше, 
2 molecules of formaldehyde 
i methanal) 


О 
We 


CH,OH + H—C—ONa 


Methanol Sodium methanonate 
Hence, (A) is correct but (R) is incorrect. 


(4) Ketones do not react with Tollen’s reagent to give 
silver mirror test, because ketone cannot reduce silver 
ions of Tollens’s reagent to give silver metal 


Aldehydes react with Tollen's reagent to form silver 
mirror. Hence, (A) is incorrect but (R) is correct. 

(a) The carbon-oxygen bond is carbonyl group Oc = 0) 
is composed of one sigma (с) and one 

рі(л) bond. The carbon in carbonyl group is 
sp’-hybridised. Therefore, the three bonds in the 
carbonyl carbon are planar and trigonal with bond angle 
of 120°. (A) and (R) both are correct and (R) is the correct 
explanation of (A). 

(b) (A) and (R) both are correct statement but (В) is not 
correct explanation of (A). 


Easy oxidation of aldehydes is due to the presence of a 
hydrogen atom on the carbonyl group, 
H 


(o ;9 
R—C=0 —> Вс? 


OH 


Carboxylic acids can be reduced to alcohol by using 

reducing agents such as ЦАН, or better by diborane. 
RCOOH — =", RCH,OH+ H,O 

Boiling point of butanal is lower that butan-1-ol due to 

the absence of intermolecular hydrogen bonding. 


Hint Due to the presence of (polar group) in propanal. 
Hint Cyclohexanone act as better electrophile. 
3 


Hint CH,— {н —Соон, ЕЕ = CH,COOH, 
CH, H 


Hint Tollen's reagent and Fehling's reagent. 


358 


27 Вг MgBr 
©. Ме © + CHCHO 
== OH 
BrMgO—CH—CH, H—CH, 


: 
05.5 


28 pK, of chloroacetic acid is lower that pK, of acetic acid 
и E 


because acility of carboxylic acids increases due fo the 
presence of electron withdrawing groups. 


29 The C— O bond is shorter in RCOOH than in RCHO 
due to the following possible resonance structures : 


[0] = pum 
G E у; 
—C — —C + —>» —C + 
о—н *ó—n йоген 
On 
31 О 
О | 
2R l он eet ыр cd H,O 
about: P,O â Ed ido: 
| 
-0 
Acid anhydride 


32 4-methylpentan-1-al 


33 CHO CH—CHCHO CHO 
OH 
ОСН, Cinnamaldchyde Salicylaldehyde 
OH 
Vanillin 


34 Clemmenson reduction involves the reduction of 
carbonyl group yc-0 to OH, group and it is carried out 


in the presence of in amalgam and conc. HCl. 


\ Zs-Hg/Cone. HCl 'N 
ус=о + 4 [HP CH, + HO 


Hydrocarbon 
35 4 X= cro ОНОН CH,OH + 
Sodium benzoate А 


о 
6 5 4 3 2 || 
36 СН, —С = C—CH = СН — C— OH ү; 
37 The loss of CO, molecule from a carboxylic acid to form 
hydro carbons is called decarboxylation. 
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Carboxylic acids lose carbon dioxide to form hydrocarbo 
when their sodium salts are heated with sodalime (NaOH 
and CaO in the ratio of 3 : 1). 


38 Refer to text on page 315. 

39 Hint Due to steric hinderance caused by the bulky 
tert-butyl groups, the bisulphite ion cannot easily approach 
the carbonyl group for addition. 

40 Hint NH, isa base. In acidic medium, it can form anilinium 


ion. 
41 Refer to text on page 318. 
42 () | СНз 

CN C—NMgBr СОСН; 
© CH MgBr @ H30* 
= ———À 
dry ether 
(ii) —o 


43 (i)CO+H,SO,+H,0 . (ii) CH, NE 

44 Refer to text on page 342. 

45 Hint Aldehyde A is 
A=CH=CH—C=C—CHO, 


Bis OHC — COOH 
46 COOH COCI CHO 
Az Bz Cz 
NO; NO; NO; 
(i) CH;CHO ——7 "77" , cH ,cooH MH, 
Acetaldehyde x4 | Acetic acid | 
_CH;COONa—“"™*, eu. €: , (cnc 
Sodium acetate Methane Methyl chloride 
вон 
HCHO «C CH,0H 
Formaldehyde Methanol 


(ii) CH,CH,CHO + CH,MgBr H40 
CH,CH,CH(OH)CH, E CN каша post 


48 (i | | O 
0 cH, =cH,—2 sg CH, CH, Br—““ > 


»aCH,— COOH 
NC CH, CH, CN 0t | 
., , CH,— COOH 


(ii) Hint Alkylation followed by oxidation. 


n gchydes, Ketones and Carboxylic Acids 


ш a d Me 
B= pecu бз У—м d 
єн; ме É 


50 (i) Cannizzaro reaction Refer to text on page 321, 


(ii) Cross aldol condensation Refer to text on page 321. 


51 (i) CH;FCOOH is a stronger acid. 
(ii) CH;FCOOH is a stronger acid. 
(iii) CH,CHFCH;COOH is a stronger acid. 


(iv) ВС COOH isa stronger acid. 
52 Hint CHO 
CHO 
@ @ ® A 
CHO 
| CH, ——— 


[e 
() CHy—C—CH-COOH 
(ii) (a) 2, 4-dinitrobenzoic acid 
(c) 4-methyltoluene. 
53 (i) Refer to text on page 312. 
(ii) Refer to text on page 313. 
(iii) Refer to text on page 313. 


54 (i) CH,COCI 
" OH 
(ii) 
CH;—CH—CH, 


55 (i) CH,CHO will give aldol condensation with NaOH 
while C,H,CHO does not. 


(ii) CH, CHO gives positive test with Tollen’s reagent 
whereas C,H;CHO does not. 


56 Refer to text on page 315. 


(b) Acetophenone . . 


57 (i) Refer to text on page 337 (ii) Refer to text on page 337. 


58 Hint 
(i) Carbon is more electronegative than silicon. 
(ii) sp?-hybridised carbon is more electronegative than 


sp°-hybridised carbon. 


Visit : https://youtu.be/OgSxDgzw7eE [als 40) 
OR Scan the Code 


Visit : https:/youtu.be/PiSFMeicf8 g E 
OR Scan the Code 
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(iii) sp-hybridised carbon of C =N is more electronegative 
than sp” hybridised carbon of C = О. 


59 (i) A=CICH,COOH, В = HO- СН, – СООН 
(ii) A=CH,COONH} В = СН,СОМН, 


60 Refer to text on pages 308 and 309. 
61 (i) Refer to text on page 319. (ii) refer to text on page 320. 
(iii) Refer to text on pages 321. 
62 (i) Hint 
(a) Br - СН,СООН (b) Cl - CH, COOH 
" (ii) Hints (a) Aliphatic aldehydes being more reactive 
redlice Fehling's solution to red ppt. of Си,О while 
aromatic aldehydes do not. 
(b) Aromatic aldehydes on treatment with an alcoholic 
solution of KCN undergo benzoin condensation but 
aliphatic aldehydes do not. 


COOH сос CHO 


(ii) Refer to text on page 340. 


64 (i) Refer to text on page 316. 


(ii) Refer to text on page 317. 
(iii) Refer to text on page 316. 
© (iv) Refer to text on page 317. 
(v) Schiff’s base When an aldehyde or ketone reacts with 
primary aliphatic or aromatic amines, the compound 
formed is called Schiff ’s base or azomethine. 


R—CH =O+H,N—R’ SR CH — N— R^ H,0 


Aldehyde Primary Schiff 5 base 
amine 


65 (i) Hint Acrylic acid is stronger than propanoic acid 
(acidity depends upon stability of its conjugate base). 
(ii) Hint EWG increases the acidity of carboxylic acids. 
(iii) Hint pK, value of succinic acid is higher than pK, 
value of malonic acid. E 
66 Refer to text on page 318 and 319. 


ESE) 
ae 
[u]i 1 


NS 


Visit : https:;//youtu.be/50vJAPMwVsw 
OR Scan the Code 
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AMINES ^ 


Amines constitute one of the most important class of organic compounds. 
In nature, they occur among vitamins, proteins, alkaloids and hormones. 
Synthetic examples include drugs, polymers and dyestuffs. Biologically 


e Structure, Classification 


active compounds such as adrenaline and ephedrine, both containing loa Nomenclature and 
secondary amino group are used to increase the blood pressure. Novocain, Preparation of Amines 
a synthetic amino compound is used as an anaesthetic in dentistry • Properties of Amines 
whereas benadryl is anantihistaminic drug containing tertiary amino e Diazonium Salts 


group. Quaternary ammonium salts are used as surfactants. 


Diazonium salts are intermediates used in the preparation of a variety of 
aromatic compounds. · | 


| TOPIC 1| : i 
Structure, Classification, Nomenclature 
and Preparation of Amines 

Amines are the derivatives of ammonia, obtained by the replacement of one, 
two or three hydrogen atoms by alkyl/aryl groups. e.g. 

Jos 


CH4—NH;, CH3—NH—CH3, СНМ 
1° amine 2° amine CH; 


3° amine 


STRUCTURE OF AMINES 


Structure of amines is described below: М? 
(i) Like ammonia, nitrogen atom of amines is trivalent and carries an, 
unshared pair of electrons. Therefore, the N orbitals in amines are 

sp? -hybridised and the geometry of amines is pyramidal. 


(ii) The ground state electronic configuration of N is 152,257, 2p. 2 5 
2 p;. Here, опе 2s-orbital and three 2 p-orbitals are hybridised to form 
four sp3-hybridised orbitals, three of them have one electron and the 
fourth orbital has one lone pair of electrons. | 


Amines 


ji) Each of the three sp ^ -hybridised orbit. 's of nitrogen 

5 overlap with orbitals of carbon or hydrog. л 
depending upon the composition of the amines. The 
fourth orbital of N contains an unshared pair of 
electrons, in all amines. 

(iv) Due to the presence of unshared pair of electrons, the 
angle C—N—E (where Е is C or H) is less than 
109.5". 
eg. In trimethylamine, angle is 108°, 

(v) Due to the presence of lone pair of electrons on 

nitrogen which can be donated, amines act as a 

nucleophile. 


unshared 
electron pair 


> 


Є CH, 
CH; 108° 
je 


Pyramidal shape of trimethylamine 


CLASSIFICATION OF AMINES 


Amines are classified as primary (1°), secondary (2°) and 
tertiary (3°) depending upon the number of hydrogen 
atoms in ammonia niolecule replaced by alkyl (А) or aryl 
(Ar) groups. Thus, we can show the sequence of 
classification of amine from ammonia. 


-H -H 
NH, —> R—NH,—> R—NH—R’ 
Ammonia +R Primar(1?) +R’ Secondary (2°) 


E" К 
= pup 
+R" NR" 


Tertiary (3°) 


— Degree and functional group of various amines 


5 = 
j ; n (no. of H-atoms Type of Functional 
No, Amine attachedto N) amine — group — 

r 
ae 2 1° (primary) © —NH» 
2 A E 
R МН 1 2° (secondary) —NH— 
f= Palmas RS A id ТЕСЕ —————  ——— M = 
\ nd № 
$ ^ R—N 0 3° (tertiary) 2 


mee V ur dh ca 6. cer Pe 
Simple amines When all the alkyl/aryl groups are same, 
© amines are said to be simple amines e.g. 
(СНз), NH, (CH4CH;)4 N 


2? amine 3? amine 


Mixed amines When all the alkyl/aryl groups are 


different, the amines are said to be mixed amines. 


CH;CH; 
eg. 
Ethylmethy| amine Cyclohexy! ethyl amine 
e» (27) 


NOMENCLATURE OF AMINES 


Rules and steps to be followed while naming of the 
amines are given below: 

(i) In common system, an aliphatic amine is named by 
adding suffix ‘amine’ to the name of the alkyl group 
attached to the nitrogen atom, e.g. methylamine. 

(ii) In 2° and 3° amines, when two or more groups are 
the same, the prefix di or tri is used before the name 
of the alkyl group. 

e.g. CH 3— we 3 


CH; 
Trimethylamine 


(iii) In IUPAC system, amines are named as alkanamines, 
derived by the replacement of ‘e’ of alkane by word 


‘amine’. 
[^ 
eg. CHNH,, СН; —N—CH, 
Methanamine N, N-dimethylmethanamine 


(iv) If more than one amino group is present at different 
positions in the parent chain, then by assigning 
number, theit positions are specified to the carbon 
atoms beating —NH» groups and the terminal ‘e` of 
the name of the parent hydrocarbon is retained. 
eg. — H;N—CH, —CH, —NH, 


Ethane-1,2-diamine 


(v) The simplest arylamine/aromatic amine in which the 
—NH 2 group is directly attached to the benzene ri 
ie. ССНМ; is called aniline and the substitu 2 
aromatic amines are named as derivatives of aniline 


N(CH); 


N, N-dimethylaniline 


(vi) In IUPAC system, the terminal ‘e 
by ‘amine’. eg. C вН; —NH, SUE 
ne 
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CH3— CH;— NH, 


~~ Ethylamine 
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Common name 


Она CHa— CH, NH, 


n-propylamine 


Ethanamine ET 


CH3— T. — CH3 


Propan-1-amine 


Propan-2-amine 


NH3 Isopropylamine 
2 3 
| Ethylmethylamine 
CH3 —N— CH3 
Trimethylamine 
CH3 y 


N-methylethanamine 


N,N-dimethylmethanamine 


1 2. 3 4 
C2Hs —N—CH? —CH» —CH2 —CH3 
C2Hs 


1 2 3 
NH? —C H2 —CH= CH? 


N,N-diethylbutylamine 


N,N-diethylbutan-1-amine 


=o 


Allylamine 


Prop-2-en-1-amine 


NH2— (СН) МН 


Hexamethylenediamine 


Hexane-1 ,6-diamine 


NH2 
Aniline , А 
Aniline ог Benzenamine 
NH? jy 
СНз 
3 o-toluidine 2-aminotoluene 
NH2 
p-bromoaniline 4-bromobenzenamine 
) or 
Br 4-bromoaniline 
N(CH3)2 


N,N-dimethylaniline 


N,N-dimethylbenzenamine 


PREPARATION OF AMINES 


Amines are prepared by the following methods: 
By the Reduction of Nitro Compounds 


Both aliphatic and aromatic primary amines can be prepared by the reduction of ni А :call 
with H3 in the presence of Raney Ni, Pt or Pd or chemically with active metal in acidic median а ld 


Raney Ni/Pt | 
e.g. СН; МО; 43H; Ethanol” СНз МН, +2Н,О 
Nitromethane Methylamine 
ОМО sty Senne. s c 
or Fe+ НС! 


Nitrobenzene 


Aniline 


6H5NH) + 2H,0 TUE 


Amines 


Reduction with Fe scrap and HCl is preferred because 
ЕеСі formed gets hydrolysed to release НСІ during 
the reaction. Therefore, only a small amount of HCI is 
needed to initiate the reaction. 


py the Reduction of Nitriles 


Reduction of nitriles with lithium aluminium hydride 
(LiAIH4) or catalytic hydrogenation produces primary 
amines. This method is used to prepare amines 
containing one carbon atom more than the starting 
amine. 


Raney Ni/H; 
R—C=N 
LiAlH, or Na(Hg) / C;)H;OH 
R—CH; —NH; 
By the Reduction of Amides 
On reduction with LiAIH, , amides yield amines. 
О 


(i) LiAIH, , ether 
eg R—C—NH, 2 B 


R—CH,—NH, 
i) LiAIH, eth 
CH CONH, 0 ЧАНА, ether CH;CH,NH, 
ешш. 2 0D HO dua 
cetamide thylamine 


By Hofmann Bromamide Degradation 
Reaction 


This reaction is used for preparing amine containing 
one carbon less than the starting amide. This method 
Was developed for the preparation of primary amines 
у reacting an amide with Br» / Cl; in an aqueous or 
ethanolic solution of NAaOH/KOH. 
In this reaction, migration of an alkyl or aryl group takes 
place from carbonyl carbon of the amide to the N-atom. 
i 
R—C—NH, + Br +4NaOH —> ! 
R—NH; +Na,CO, +2NaBr 12H50 
eg. CH3CH, CONH, *Br; *áNaOH —> 
Amide 
CH3CH, NH; T Na,CO; +2NaBr + 29,0 
Amin ^ 


Gabriel Phthalimide Synthesis 


€n a phthalimide is treated with ethanolic KOH, it 
orms potassium salt of phthalimide which on heating 
ith alkyl halide followed by alkaline hydrolysis forms 


“ttesponding primary amines. 
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| E 
oe | F~ Oy m 
ee М-Н + KOH (dlc) 77 I NK 
M d ы Ly 
c^ E С 
| | 
О . * е 
Phthalimide a Жы 
О 
coon? L 
C замн, Ben" TS NER 
-..* 1° amine 
COONa | 
O 


N-alky! phthalimide 
This method produces only primary amines without the 


traces of secondary or tertiary amines. So, this method is 
preferred for the synthesis of primary amines. 


Note This method is not useful for the preparation of aromatic primary 


amines because aryl halides do not undergo nucleophilic substitution with 
the anion formed by phthalimide. 


Ammonolysis of Alkyl Halides 


This reaction is a nucleophilic substitution reaction in which 
ammonia acting as a nucleophile, displaces the halogen atom. 
This process of cleavage, of C— X bond by ammonia is 
called ammonolysis. Alkyl or benzyl or aryl halides on 
reaction with ethanolic solution of ammonia undergoes 
nucleophilic substitution reaction because in these halides, 
carbon-halogen bond is easily cleaved by a nucleophile. 

н, + бу ээк En E ENG, 
Ammonia Alkyl halide ЭЗ Че ср ine 
ammonium salt 


RNH; —, p Nu -#, р 


: +- 
NS ру 
(1°) (2) 


(3°) Quaternary 
ammonium salt 
This primary amine behaves as à nucleophile and on 
subsequent reaction with alkyl halide forms 29, 3° 
and finally forms quaternary ammonium salt. This method 
cannot be used for the preparation of arylamine (unless 
benzene ring is activated by EWG at o- and P-positions), The 
free amine can be obtained f 


tom the ammonium salt by the 
treatment with a strong base, 
+ 


R—NH; X+ NaOH у R— 


amines 


NH) + HO +Nat X7 
Order of reactivity of halides with NH, is: 
R—I>R—Br>R—Cl>R—F 
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EX, ne toe 
XAMPLE ]1|- write reactions of the final alkylation 


ТС A ^ 
E duct of aniline with excess of methyl iodide in the presence 
of sodium carbonate solution. | 


Sol. У 
ef MC da s ammonolysis reaction In the presence of excess 
о ыш lodide, aniline (primary amine) forms quaternary ammonium 
Gu + 
RO + tul ——. [C.H;NH,CH3] 17 

An ше N-methylanilinium iodide 
_ " | (Intermediate) 
2[C,H;NH,CH,] I + Na;CO, —> 2C,H;NHCH; + 2Nal + СО;+Н;О 

N-methylaniline 
М CHI 
C,H;NHCH;4 маб, CgHsN(CH3)2 


N, N-dimethylaniline 


CgHsN(CH3)2 + aly — [C.H<N(CH,)5]I7 
А N, N, N-trimethylanilinium iodide 
- + 
2[(C,.HsN(CH3)3] I + NaCO; —— [CgHsN(CH3)3],CO3” +.2Nal 


N, N, N-trimethyl 
anilinium carbonate 


| TOPIC PRACTICE 1 |. 


OBJECTIVE Type Questions 


1. Which of the following is а 3° amine?  NCERT Exemplar 

(a) 1-methylcyclohexylamine 
(b) Triethylamine 
(c) tert-butylamine 
(d) N-methylaniline 

2. IUPAC name of H;N — CH; — CH; — NH, is 
(a) ethane-1, 3-diamine 
(b) ethane-1, 2-diamine 
(c) ethyn-1, 2, diamine 
(d) ethen-1, 2, diamine 


NH; 


3. Whatis the common name of 


(b) Benzenamine 


(a) Aniline 
(d) None of these 


(c) Toluidine 
4. Which of the following reagents would not be a good 


choice for reducing an aryl nitro compound to an 
NCERT Exemplar 


(b) LiAIH, in ether 
(d) Sn and НСІ 


amine? 
(a) Н ;(excess)/Pt 
(с) Fe and НСІ 
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5. Which of the following products 18 formeq 
in the given reaction? 


(i) LiAIH, 
В СОМ cro 
(а) АМН; | (b) RCHjNH, 
(с) RCH2CH2NH; (d) RCN 


6. The best reagent for converting 
2-phenylpropanamide into 
2-phenylpropanamine ÍS Lu Л 
(а) excess H5 NCERT Exemplar 
(b) Br, in aqueous NaOH 
(c) iodine in the presence of red phosphorus 
(d) LiAlH, in ether 

7. Propanamide on reaction with bromine in 
aqueous NaOH gives í CBSE SQP 2021 
(а) propanamine 
(b) ethanamine 
(c) N-methylethanamine 
(d) propanenitrile’ 

8. IUPAC name of product formed by 
reaction of methyl amine with two moles 

. of ethyl chloride CBSE SQP 2021 
(a) N,N-dimethylethanamine | 
(b) N,N-diethylmethanamine 
(c) N-methylethanamine 
(d) N-ethyl ,N-methylethanamine 


VERY SHORT ANSWER 
Type Questions 


9. Give the name of any two naturally 
occurring amines. 


10. Draw the structure of N-methylethanamine. 
All India 2013 
11. Draw the structure of 2-aminotoluene. 
12. Write the IUPAC name of the following 
compound and classify it into primary, 
secondary and tertiary amine. 
‘m-BrCgH4NH2 


13. Write the IUPAC name of the following 
compound. 


сн cH ch, —CHO 
NH, All India 2014, 13 


14. Write the IUPAC name of the following 
compound: jee, 


(CH4) мо: CH, СНз... Delhi 2017 


Amines 


15 Write the IUPAC name of the following 
` compound: . 


(CH3CH2), NCH3 Delhi 2017 


(6. Write the IUPAC name of the following 
compound: j 
CH3NHCH(CH3); 


17. Write the IUPAC name of the following 
compound. NO, 


C2H5 


Delhi 2017 


Delhi 2013 C 
18. Write down the IUPAC name of 
N (CH3)2 


NCERT Exemplar 


19. Draw the structure of ргор-2-еп-1-атїпе. 


Or Write the IUPAC name and structure of allyl 
amine. 


All India 2013 
20. Write the IUPAC name of the following 
compound: 
CH3 
Fé 
CH3—CH;— CH; — CH; —N 
CH3 
All Indian 2017 C 
21. Write the main product of the following reaction: 
Вг, +МаО 
CHy- NH ANNUM. 
9 All India 2013 
22, What is the best reagent to convert nitrile to 
primary amine? NCERT Exemplar 


SHORT ANSWER Type I Questions 


23. Classify the following amines as primary, 


secondary or tertiary. 
NH, N(CH3), 
() @) 
(iii) (Сон: CHNH; 
(iv) (Сон; NH NCERT Intext 


24, Write the IUPAC names of the following 
Compounds and classify them into primary, 
secondary and tertiary amines. 


(i) (CHg))CHNH, (ii) CH3(CH,))NH> 


NCERT 
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25. Write the IUPAC names of the following 
compounds and classify them into primary, 
secondary and tertiary amines. 

(i) C6H5 NHCH3 (ii) (CH4CH;) 2—N—CH3 NCERT 
Write the IUPAC names of the following 
compounds and classify them into primary, 
secondary and tertiary amines. 

(i) СНз NHCH(CHg); (ii) (СНз); CNH. NCERT 
27. Give the structures of A, B and C in the following 

' reaction. 


26 


NaCN OH™ 
СНЗСНЯ A Partial hydrolysis 
NaOH + Br, C NCERT 
28. Give the structures A, B and C in the following 
reaction. 
H40/H* NH Br, «KOH 
———À5 A—3à, В ——— 
ВНЕ ШР”. | Delhi 2014 
29. How will you convert the following? 
(i) Nitrobenzene into aniline 
(ii) Ethanoic acid into methanamine All India 2014 


30. Identify A and B in the following reaction. 


iU 0 г 
Cl 
| KON, , HyPd, р 


NCERT Exemplar 
31. Name the reaction: 
(i) CH,CH,CONH, +Вго+ 4NaQH—> 


CH;CH,NH, + Na;CO, + 2NaBr 


Ё + NH, 
(i) R-X+ 2NH, 8K, р NR y-—3À 
Sealed tube 


RNH, +NH}X7 
1° amine 
32. Explain any one method which is used for 


preparing amine containing one carbon less 
than the reactant. 


SHORT ANSWER Type II Questions 


33. (i) Give the structures of different isomeric 


amines carresponding to the molecular 
formula, C4H N. 


(ii) Write the IUPAC names of all the isomers. 


(iii) What type of isomerism is exhibited by 
different pairs of amines? NCERT Intext 
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34. 


In the reduction of nitro compounds, why Fe 
Scrap and HCl is preférred over other metals? 


35. Name the reagent used in the following reactions. 


1. 


(i) R-C= Nos RCH;NH, 


COOH 
(ii) 0 ® + NHg 
COOH 


| Allénone | CHEMISTRY Class 121} 


(ill) Сене NO2 + 3H,——+CeHs NH2 + 290 
36. Write short notes on the following. 
(i) Hofmann bromamide reaction 


(ii) Ammonolysis 


limide synthesis 
(iii) Gabriel phtha All India 2013; NCERT 


ice for 
37. Which type of reagent is a good choice | 
меш ап aryl nitro compound to an amine? 


| HINTS AND EXPLANATIONS 


(b) Triethylamine is a 3° amine. 


No 
CH,CH, | "~CH,CH; 


CHCH; 
Ttriethylamine 
(3° amine) 
(b) НУМ — CH;CH;NH) is named as ethane-1,2-diamine. 
(a) In aryl amines, when — NH)» group is directly |: . 
attached to the benzene ring, it is known as 
aniline in common system and benzenamine in IUPAC 
system. 


(b) Aryl nitro compound can't be converted into amine 


. using LiAIH, in ether. 


H(excess)/Pt 


on 
о. 
"А 


No reaction 


О e 


Option (b) 


Hence, option (b) is the correct choice. 


(b) The amides on reduction with LiAlH, yield amine. 
(i) LiAIH, 
R— CONH, ——— —» RCH;NH; 
(ii) H,O 


- (d)The best reagent for converting 2-phenylpropanamide 


into 2-phenylpropanamine is LiAIH, in ether. Reaction 
is as given below 


О 
—9 . "NH? NH; 
У LiAIH, in ether 


, _2- phenyl propanamide 2- phenyl propanamine 


7. (b)Propanamide on reaction with bromine in aqueous 
NaOH gives ethanamine. This reaction is known as 
Hofmann bromamide degradation reaction. Complete 
reaction is as follows: 


CH,CH,CONH,+ Br +  4Na0H —> 


Propanamide Bromine Sodium hydroxide 
CHCH NH, + NaCO; + 2NaBr + 2H,0 
Ethanamine Sodium carbonate Sodium bromide Water 


8. (d) TUPAC name of product formed by reaction of 
methyl amine with two moles of ethyl chloride is 


N - ethyl - N - methyl ethanamine. 
. Complete reaction is as follows: 


T С.н; 

С,н;СІ — 

CH, NH, 2 cH, —N—C,H, ECL, нус—м—с,н, 
Methyl N-methyl N-ethyl-N-methyl 
amine ethanamine ethanamine 


9. Alkaloids and proteins. 


2 1 
N-methylethanamine 
11. CH, 
NH; 


2-aminotoluene 


amines 


12. NH; 
1 
2 


3 
Br | 
(Primary/1'-amine) 3-bromoaniline 


13. CHj-- pH cHj-- CHO 
NH, 
IUPAC name 3-amino-1-butanal or 3-aminobutanal 
14. Given compound, H4C— ld CH,CH; 


CH3 
IUPAC name N, N-dimethyl ethanamine. 
CH, — 

15. Given compound is HyCH,C_N— CH,CH, 

TUPAC Name N-ethyl, N-methylethanamine. 
16. The IUPAC name for CH;NHCH(CH;), is 

N-methylpropan-2-amine. 
17. ^. NO, 

Сн; 


2-ethylnitrobenzene 


18. During naming of N-substituted amine, substituted 


group present at N is added as suffix N-alkyl in IUPAC 
nomenclature. 


H4C - /CHs 


N, N-dimethylbenzenamine 


3 2 1 
19. CH,—CH— CH,NH, 
Prop-2-en-1-amine 
N, N-dimethylbutan-1-amine 
Br, 44 NaOH 


20 
21 


CH4NH, 
Hofmann 
bromamide 
reaction 


сну—р—ун, 


+ Na;CO, + 2NaBr + 2H,0 


The best reagent to reduce nitriles is sodium/alcohol or 
LiAIH, and the product of this reduction is primary 


amine, 
(i) Primary (ii) Tertiary 

(iii) Primary (iv) Secondary 

(i) Propan-2-amine (1°) (ii) Propanamine (1°) 
(i) N-methylbenzenamine (2°) 


(ii) N-ethyl-N-methylethanamine (3°) 


22, 


23, 


24, 
25, 


26. (i) N-methylpropan-2-amine (2°) 
(ii) 2-methylpropan-2-amine (1°) 


OW 
27. cic; t 9, сн,снусн 7, 


Ethyl iodide тив К-га 
NaOH + Br 
CH,CH,CONH, ~» CH;CH,NH; 
Propionamide Ethyl amine 
B C 
H,0/H* NH, 
28. CH,CN — CH4COOH 
à A 
Вг, + 4KOH 
CH,CONH, —:— S, CH,NH, 
B € 


29. (i) Nitrobenzene into aniline 
СІ 
Сено, i Hj; SHEER. 
Nitrobenzene or Fe + HCl 


(ii) Ethanoic acid into methanamine 
NH, (excess) 
_—— 


C,H,NH; + 2H;0 
Aniline 


Soci 
CH4COOH —5 CH,COCI 
Ethanoic acid Ethanoy! 
chloride 
| —— Br/ KOH 
CH,CONH; —— — — —— CHM, 
EH ide MERE ш Met! : 


. О О 
у а Фа CN 
KCN 
S2 
A 
О 


CH,NH, 


30 


Нура 
— 
Reduction 
B 

31. Refer to text on page 363. 
32. Refer to text on page 363, 
33. (i) and (ii) 

Eight isomers of СН М are: 

4 3 2 1 
(a) CH,—C H,—cC H,—C H;—NH, 


Butan lamine 
(Primary) 
CH; 


Mar v 
(b) CH—CH—C H,—N Ha 
?-methyl propan-1-amine 
(Primary) 
l 
сн, 


4 3 2 
(c) CH,—C H,—C H—NH, 
Butan-2-amine 
Primary) 
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"E сан, 
2 
0 CH, — NH, — (e CHL-N— H 
"cH К N-ethyl ethanamine 
2-methyl propan -2-amine (Secondary) 
( Primary ) 0 
сн, 


(f) C,H, —N— Н 
N-methyl propan-l-amine . 
(Secondary) 


CH, . 


(g) cu,—¢ H—NH—CH; 
N -methyl propan-2-amine 
(Secondary) 
C2H5 


(h CH3—N—CH, 
N, N-dimethylethanamine , , 
(Tertiary) ' l 
(iii) Isomerism exhibited by different amines аге: 
(a) Chain isomers, i.e. have different carbon chains, 
(a) and (b), (c) and (d) [as discussed in part (i) and (ii)] 


[TOPIC 2| . . 
Properties of Amines . 


PHYSICAL PROPERTIES 


Physical properties of amines are as follows : 


Colour and Odour 


Pure amines are colourless but develop colour on keeping 
in air or on storage due to atmospheric oxidation. The 
lower aliphatic amines are gases and smell like ammonia. 
Primary amines with three or more carbon atoms are ` 
liquids with fishy odours and higher ones are solid. 
Aromatic amines are toxic in nature. 


Solubility 

Lower aliphatic amines can form hydrogen bonds with 
water molecules and hence are soluble in water. Solubility 
of amines decreases with increase in molar mass due to 
increase in the hydrophobic part which retard the 
formation of H-bonds and hence, higher amines 
containing six or more carbon atoms are insoluble in 


water. 
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(b) Position isomers, i.e. functional group occu y 
' different positions, (b) and (c), (b) and (d), (a) 
and (d). | 
(c) Metamers, i.e. different alkyl groups are attacheg 
to the same functional group, (е) and (f), (g) and (е) 
(d) Functional isomers, i.e. they have different | 
functional groups. All the three categories (1°, 2° 
and 3°) of amines are the functional isomers of 


each other. 
34. Refer to text on pages 362 and 363.. 
35. (i) Refer to text on page 363. 
(ii) Refer to text on page 363. 
(iii) Refer to text on page 362. 
36. Refer to text on page 363. ; 


37. Following reagent аге good choice for reducing an ary 
nitro compound to an amine. 


Since, the electronegativity of nitrogen (3.0) is lower than 
oxygen (3.5), amines form weaker H-bond than alcohols 
and carboxylic acids. 


Boiling Point 

Amines are polar and hence form intermolecular H-bonds 
and therefore, they have higher boiling points. This 
intermolecular association depends upon the extent of 
H-bonding. 1° amines have two, 2° amines have one, 
while 3° amines have no hydrogen bonded to nitrogen. 
Therefore, the order of boiling point of amines is: 

1° amines > 2° amines > 3? amines. 


" ЧИ ОР В 
R—N—H--N—H--; N—R 
&- 8+ 9] “8+ 97| 
StH, л ч 

H—NÊR 


Intermolecular hydragen bonding in primary amines 


Amines 


poiling point of amines, alcohols and alkanes of almost 
the same molar mass are as shown below: 


Comparison of boiling points of amines, alcohols and alkanes 
of almost similar molecular mass 


—— 


Boiling point/K 


'SNo. Compound Molar mass 
1. n-C4HNH2 73 350.8 
2 (C2Hg)oNH 73 329.3 
3. CHSN(CH3) 2 73 310.5 
4. CoHgCH(CH3) 2 72 300.8 
5. n - C4HgoH 74 390.3 


CHEMICAL REACTIONS 


Amines are very reactive due to the difference in 
electronegativity between nitrogen and hydrogen atoms 
and due to the presence of unshared pair of electrons 
over N-atom. The number of hydrogen atoms attached 
to the N-atom decides the course of reactions of amine, 
that is why, amines differ in many reactions. 


Some of the reactions of amines are described below: 


Basic Character of Amines 


Amines have an unshared pair of electrons ovér the 
nitrogen atom and hence, they behave as Lewis base. They 
readily react with mineral acids to form soluble salts. 


"dili" + 
R—NH, +H—X == В—МН;Х” 
(Salt) 


E 2 
МНС 


nate 


Aniline Anilinium chloride 


The amine salts on treatment with a base (NaOH), 
Tegenerate the parent amine. 


+ = m = 
RNH3X~+OH —> АМН) +Н;О+Х 


Amine salts are soluble in water but insoluble in organic 

solvents like ether. That is why, this reaction is used for 
€ separation of amines from the non-basic organic 

compounds which are insoluble in water. 

Basic character of amine can be better understood in terms 

Of their K, and рК values as explained below: 


+ £ 
R—NH, +H,0°== R—NH; +ОН 
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_ [R— NH,]IOH] 
[R— NH; ](H20] 


[R—NH; ОН] 


or К[Н„О) = [R—NH; ] 
-[R—NH] [OH] 
Ё [RNG] 
pK, =-log K; 


Larger the value of K; or smaller the value of pK 5, 
stronger is the base. 
eg. Kp p-toluidine >m-toluidine> aniline > 


-0 


120x 10710 5x10? 42х10 
о - toluidine 
26x10 * 
pK5(CH3); NH» CH,NH; » (CH5); N 
327 338 422 


рКь values of amines in aqueous phase 


Name of amine pK, 
Methanaminge — 8338 — 
M-methymethanamine — EUM 
N.N-dimethyimethanamine — 422 —— 
Ehamamne _ 329 —— 
N-ethylethanamine 7 30 — 
NN -diethylethanamina 325. 
Beuenamme ———— 938 — 
Phenylmethanamine с аш 
Nemethyianiine 930  —— 
N.N-dimethylaniline —— вә 


Aliphatic amines are stronger bases than ammonia due го 
+ L-effect (clectron-donating power) of alkyl groups ouring 
to which electron density on nitrogen atom increases and 
hence, they can easily donate their electrons. 


Aliphatic amine Ammonia 
CH, э-МН, H—N—H 
(+ Lelke | 
H (no + Z- effect) 


On the other hand, aromatic amines are weaker Е 
ammonia due to electron withdrawing nature of агу] an 
group. рКу values of ammonia is 4.75 and pK. 

aliphatic amine lies between the range 3 to р Hy values of 
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Structure-Basicity Relationship of Amines 
se character of amines depends upon the case for the 
ormation of cation by accepting a proton from acid. The 
morc stable the cation is relative to the amine, more basic 
is the amine. 
Alkanamine versus Ammonia 
The reaction of an alkanamine and ammonia with a 
proton is used to compare their basicity. 

H H 


R—N: + НУ = R—N/—H 
| | 


н H 
H H 


H—N: + H? = HON 
| 
H H 


Due to electron releasing nature of alkyl group, it pushes 
electrons towards nitrogen and makes the unshared electron 
pair more available for sharing with the proton of the acid. 
The substituted ammonium ion formed from the amine 
gets stabilised due to dispersal of the positive charge by 
the «J-effect of alkyl group. Thus, basic nature of amine 
increases with increase in the number of alkyl group. 
Order of basicity of amines in gaseous phase is as follows: 
Tertiary amine » Secondary amine » Primary amine 

» Ammonia 


Basicity in Aqueous Phase 
Basicity of an amine in aqueous solution depends upon 
the stability of ammonium cation formed by accepting 
proton from water. The stability of ammonium cation 
depends upon the following three factors: 

(1) +/-effect (alkyl group) 

(ii) Solvation effect 
' (iii) Steric effects (alkyl groups) | 
If we consider the first case, then as we increase the size 


of alkyl group, +/-effect increases and the positive charge 


of ammonium cation gets dispersed more easily. 
Therefore, the order of basicity is 

3° amine >2° amine > 1° amine 
Substituted ammonium cation also gets stabilised by 
solvation with water molecules. The greater the size of 
ion, lesser will be the solvation and the less stabilised is 


the ion. 


| Allévone | CHEMISTRY Class joy, 


Decreasing order of extent of H-bonding in water and 
order of stability of ion by solvation 


OH; 


p 
I| 
' 


H 
| Rv + H — OH, 
| R H — OH; 
н а 
он» А 
15 NEF. 
R—N—H---- 


3? ; 


If we consider second and third cases, then greater the 
number of H-atoms on the N-atom, greater will be the 
H-bonding and, hence more stable is the ammonium 
cation. When ammonium cation is derived from 3? 
amine, stability further decreases, due to steric repulsion 
to H-bonding. So, order of stability is: 

1° amine » 2? amine > 3? amine 

So the two cases arise as: 

Casel If we combine these 3 factors and if the alkyl 
group is small, i.e. CH3, then there is no steric 
hindrance to H-bonding and, hence 
H-bonding predominates over +/-effect. Since, 
all these effects are favourables for 2° amine. 
Therefore, 

2° amine > 1? amine > 3° amine 
If the alkyl group is bigger than CH3 group, 
i.e. C2H5, then there is steric hindrance to 
H-bonding and hence, + /-effect predominates 
over H-bonding. Therefore, 

2? amine >3° amine > 1° amine 

There is a suitable interplay of the inductive effect, 
solvation effect and steric hindrance of alkyl group which 
decides the basic strength of alkyl amines in the aqueous 
state. The order of basic strength in case of ethyl 
substituted amines and methyl substituted amines in 
aqueous solution is as follows: 

(C2H3)5 NH» (C2H5)35 N >C,Hs5NH2 > МН» 

(СНз): NH» CH4 NH; >(CH3)3 N > NH3 
Arylamines versus Ammonia 
pK, value of aniline is quite high due to the following 
reasons: 

(i) As, NH; group is directly attached to benzene 1106 

the lone pair of electrons gets delocalised inside the 


Case ЇЇ 


amines 


benzene ting and thus, itis less available for 
roronation. Therefore, aromatic amines (aniline) are 
weaker bases than ammonia, С. 
(i) If we consider the resonating structures, then we 
know that greater the number of resonating 
structures, greater is the stability, 


The resonating structures of aniline are as follows: 


H-N—H NH; 
=? — 
IV V 


Resonating structures of aniline 


In anilinium ion, there are two resonating structures, 
therefore, it is less stable than aniline (five resonating 


structures). 
+ + 
NH, NH, 
I П 


Resonating structures of anilinium ion ` 


(ii) In case of substituted aniline, electron releasing 
groups like —CH3 ,—OCH3, —NH) increase the 
basic strength and electron withdrawing groups like 
—NO, , — X, —COOH decrease the basic strength. 


Alkylation 


Amines undergo alkylation on reaction with alkyl halides. 
CHICH, NH, 4 CH4CH;Br — 
Ethylamine Ethyl bromide © (CH3CH) ); NH + HBr 
Diethylamine 
Ссн, NH * CH4CH?Br — 
lethylamine Ethyl bromide (СН; СН, ) 3 N+HBr 
Triethyl amine 
d use 
(CH4CH))4 NBr 


Tetraethylammonium 
bromide 
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Similarly, 
NHCH; 


NH, 
CH,I,A 
Ô +CH: =25 С) _ 


Aniline N-methyl aniline 


МСН), N(CHJJI 


CHjL A 
———À 


N,N-dimethylaniline Trimethylanilinium iodide 


The process of conversion of a 1? amines into quaternary 


ammonium salt is called Hofmann exhaustive alkylation. 


Acylation 

Aliphatic and aromatic primary and secondary amines 
react with acid chlorides, anhydrides and esters by 
nucleophilic substitution reaction. This reaction is 
considered as replacement of hydrogen atom of 

— NH, or NH group by acyl group. This reaction is 
known as acylation. 


The reaction is carried out in the presence of a base 
stronger than amine like pyridine, which removes HCl so 
formed and shifts the equilibrium towards right hand 
side. The product obtained by acylation reactions is 
known as amides. 


| | tot 
жы: D a Weca 
H Co H о) 
lamine Acid chloride 


= GE * HCI 
н 0 


N-substituted 
amide 


| (уч +Сн,со—о-_сосн, вон, 
Acetic anhydride 


Benzenamine 
( y NHCOCH, + СНСООН 


(Aniline) 
N-phenylethanamide 
(Acetanilide) 
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О 
Benzoylation The process of introducing E 
group ìn a molecule by treating amines with 
benzoyl chloride in the presence of a base is known as 
benzoylation. 


CH; NH; * СН;СОСІ —› CH; МНСОС;Н; +НСІ 


Methanamine Benzoyl chloride N-methylbenzamide 


Benzoylation of amines in the presence of NaOH is’ 
known as Schotten-Baumann reaction. 


C У, + С; Н;СОСІ A208, 
Benzoyl chloride 
Benzenamine | 
[| 
¢ \- NH —C — С;Н; + НСІ 
N-phenylbenzamide i ; 


(Aniline) 
Note At room temperature, amines react with carboxylic acid to form 
corresponding salts. 7 е 2 


Carbylamine Reaction | 
Primary amines on heating with chloroform and ethanolic 
potassium hydroxide form isocyanides or carbylamines 
which have foul smell. This reaction is called carbylamine 
reaction or isocyanide test. These reactions are used to test 
primary amines. 
In general, 
R—NH, + CHCI; +3KOH —» 
Amine Chloroform | 
R—NC + 3KCI+3H20 
Alkyl ог 
aryl isocyanide ! 
А 
CH3—NH, + CHCl; + 3KOH — 
манеш СН; —МС +3КС1+3Н;О 
Methyl isocyanide 


CgHsNH> +CHCl; +3KOH —» 


xc CH NC +3KCI +3Н;О 


Phenyl 
isocyanide 


amines (both aliphatic and 


Secondary and tertiary | 
this test is used to 


aromatic) do not give this test. Hence, 
distinguish 1° amine from 2° and 3° amines. 
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IDENTIFICATION OF 1°, 2? 
AND 3° AMINES 


(1) Reaction with Nitrous Acid 
d tertíary amines react differently 


Primary, secondary an nes І 
pared in situ from a 


with nitrous acid which is pre 
mineral acid and sodium nitrite. 


(i) Primary Amines 
(a) When primary aliphatic amines react with 
nitrous acid, diazonium salts are formed which 
being unstable, liberate nitrogen gas 
quantitatively and alcohols. Quantitative 
evolution of nitrogen is used in the estimation 


of amino acid and proteins. 


NaNO, + НСІ Bol 
R—NH, +НМО; — ^ R—N3CI 
H,O | 
225 р-он + №1 + HCl 
Alcohols 


ad е (b) Aromatic primary amines also react with 
nitrous acid at low temperatures (273-278 К), 


to form diazonium salts. 


NaNO, +2НСІ C.H = Е 
H;NH — 
CoHsNi2 — D 278K 615—089 
Aniline Benzene diazonium 
chloride 


+ NaCl +2H,0 


(ii) Secondary Amines Secondary amines react with 
nitrous acid to form a yellow green oily layer of 
N-nitroso amines. This reaction is also called 
Liebermann’s nitrosoamine test. 


N-Nitroso-N-methyl aniline 
(Yellow oil liquid) 


(iii) Tertiary Amines Tertiary amines readily dissolve in 
nitrous acid forming crystalline trialkyl ammonium 
nitrite. : N 

R3N+HNO, —> R, N HNO? 
| Trialkyl ammonium 
nitrite 


Amines 


(Ш) Reaction with Aryl Sulphonyl 
Chloride 


(i) Primary amine when reacts with benzene sulphonyl 
chloride (Hinsberg's reagent), it yields 
N-ethylbenzene sulphonamide. Hydrogen attached 
to nitrogen is strongly acidic due to the presence of 
strong electron withdrawing sulphonyl group, hence, 


it is soluble in alkali. 


Dh + Hols 5 


Benzene Ew 
chloride 
S—N—C3H; + НСІ 


О 
| О 
1 | 
O H 
N-ethylbenzene sulphonamide 
(Soluble in alkali) 


(ii) Secondary amine when reacts with benzene sulphonyl 
chloride, it yields N,N- diethylbenzene sulphonamide. 


Electrophilic Substitution Reactions 


In aniline, electron density at ortho and para- 
ortho от para-directing and a powerful activating group. 
(i) Halogenation (Bromination) In the absence of се 


2, 4, 6- tribromoaniline. 
NH; 


В/О 


+381. —— 


Aniline 


The main problem e 
high reactivity towards substitution at 
activating effect о 
carried out. After h 


ncountered during electrophilic substitution г 
ortho and para-positions. In 
f —NH,; group was controlled by acetylation wi 
alogenation, the acetyl group is removed 1 hydrolysis. 


Di 
ә 
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Since, it does not have any H-atom attached to 
N-atom, it is not acidic and hence, insoluble in alkali. 


О 
(\i- +H—N—C,H; —> 
ы 
iato 
(\ cH +HCl 


OSG; 
N,N-diethylbenzene sulphonamide 
(Insoluble in alkali) 


(iii) Tertiary amines do not react with benzene sulphonyl 

chloride. 
This property of amine reacting with benzene 
sulphonyl chloride in a different way is used for the 
distinction of 1°, 2°and 3° amines and also for the 
separation of a mixture of amines. Now-a-days, 

| benzene sulphonyl chloride is replaced by p-toluene 
sulphonyl chloride. 


positions with respect to —NH) group is high Therefore, this group is 


aniline on treatment with bromine water forms 


NH; 
Br 
+ 3HBr 


Br 
2,4,6-tribromoaniline 
eaction of aromatic amine is that they have very 
order to get monohalogenated derivative, the 
ith acetic anhydride and then halogenation is 


| 
МН Де = — CH; XXI CH; pow 3 
H'IHjO 
(сно›О, ue 
HCOOH TT ydrolys 
м ' N- phenylethanamide (Minor) 2- Proin 
Aniline Р (Acetanilide) 4- mL Minor) 


& 


(Major) 
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The lone pair of electrons on nitrogen of acetanilide interacts with oxygen atom due to resonance as shown below; 


Qo: d 


SW ссн, «ЭУ - C—CH; 


Hence, the lone pair of electrons on nitrogen is less available for donation to benzene ring by resonance, therefore 
activating effect of > NHCOCHs; group is less than that of amine group. 
(ii) Nitration In strongly acidic medium, aniline on nitration gives a mixture of ortho, para and significant amount of 
. meta-nitroaniline. Aniline is protonated to form anilinium ion which is a m-directing group under strongly acidic 


medium. 
н, 
NO, 
EO ы ш дыы, Н,50О,, 288 К 
en nidi NO 
2 


н; 


Aniline m-nitroaniline o-nitroaniline 
NO, (4 0 
7%) (2%) 
" p-nitroaniline 
(5196) 


By protecting the — МН, group by acetylation with acetic anhydride, the reaction can be controlled and only 
p-nitro derivative as the major product is obtained. 


NH, © NHCOCH, | NHCOCH; ` 
НМО,, H,SO,, 
ле; 288K, K OH or H*, or H* 
— Pyridine > ine 
Aniline Acetanilide 
P- penne ian E ue. 


(Major) 


(iii) Sulphonation Aniline when react with concentrated Hz SO,, it forms anilinium hydrogen sulphate which on 
heating with H5 SO4 at 455-475 K forms p-aminobenzene sulphonic acid (sulphanilic acid). | 


| + 
Юн, | NH3HSO; 
(9) + HSO; (conc) —9 © 
Aniline Anilinium hydrogen 

! sulphate 
NH, NH, 
455-475 K 
— ———— 
SO; SO3H 


(Zwitter ion) Sulphanilic acid 


Amines 


Note 

Aniline does not undergo Friedel-Crafts reaction (alkylation and 
acetylation) due to salt formation with anhydrous AICI, the 
Lewis acid, which Is used as a catalyst. As a result, nitrogen of 
aniline acquires positive charge and hence acts as а strong 
deactivating group for further reaction. 


zwitter ion The ion which contains both positive and negative 
charges and also contains acidic and basic groups in the same 
molecule is known as Zwitter ion. e.g. 


+ 
H3N 05 


Structure of Zwitter ion 


| TOPIC PRACTICE 2 | 


OBJECTIVE Type Questions 


1. Choose the correct order of the boiling point 
of amines. | 
(a) Primary » secondary » tertiary 
(b) Secondary » tertiary » primary 
(c) Tertiary » primary » secondary 
(d) Tertiary » secondary » primary 


2. Amines on treatment with acids yield salt 


because they are 
(a) basic in nature (b). acidic in nature 


(c) amphoteric іп nature. (d) None of these 


3. Amongst the following, the strongest base in 
aqueous medium is ......... . 

(a) CH4NH; (b) NCCH;NH; 
(c) (CH3)2NH (d) CgH3NHCH, 

4. Name the product(s) formed during the 
reaction of primary aliphatic amines with 
nitrous acid at room temperature? 

(а) КАСІ” (b) ROH 
(c) Both (a) and (b) (d) None of the above 


N-methylbenzamide is formed when 
methanamine reacts with benzoyl chloride. 
This reaction is known as 

(b) Hinsberg test 

(d) Curtius reaction 


(a) benzoylation 
(c) Schmidt reaction 
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" Uses of Amines 


(i) Aliphatic amines are used as solvents and intermediates 


in the manufacture of drugs. 


(ii) They are used as reagents in organic synthesis. 
(iti) Aromatic amines are used for the formation of polymers, 


(iv) 


dyes and drugs. 
Quaternary salts of amines are formed from long chain 


tertiary amines which are used as detergents, 
e.g. n-hexadecyl trimethylammonium chloride. 


(v) N, N-dimethylaniline (DMA) is used in the preparation 


6. 


of dyes. 


-NH; group in the aniline is activating group and 
proceed reaction at 
(a) only para position 
(c) meta position 


(b) only ortho position 
(d) Both (a) and (b) 
Which of the following reactions is/are 
electrophilic substitution? 

(a) Bromination of aniline 
(b) Nitration of aniline 

(c) Sulphonation of aniline 
(d) All of the above 


Which of the following products is formed in the 
given reaction? 


Н» 
Bry/ Но 
+ Вг —— 
МН, NH, 
Br 
(a) (b) 
Br 
NH, NH; 
Br Br 
(с) (d) 


Br Br 
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VERY SHORT ANSWER Type Questions 


9. 


10. 


il. 


12; 


13. 
14. 


15. 


16. 


ET. 


20 
21. 


22 


23 


концер the following statement in considering 
whether amine is 1°, 2° or 3°. “The amine is 
gaseous and smells like ammonia”. 


Why does the higher aliphatic amines are not 
soluble in water? 


Arrange the following compounds in the 
increasing order of basic strength. 

CgHsNH2, CgHsNHCHsz, CgHsCH?2NH3 АП India 2014 
Arrange the following compounds in the 
increasing order of dipole moment. 

CH3CH2CH з, CH3CH)NH», CH3CH,OH 

Give reason why amines are reactive? 


In the following reaction, which species behave 
as a Lewis base? 


ee + 
R— NH +H—X == R—NH;X 
What is the role of pyridine in the acylation 
reaction of amines? NCERT Exemplar 
Complete the following reaction. 


СН:СЊМН, + CHClg + alc. 3KOH—> Žž . 
All India 2013 


Give the chemical test to distinguish between 
the following pair of compounds, ethylamine 
and dimethylamine. All India 2019, Delhi 2013 C 


HNO, 


In this reaction, АМН. ——> A+B+CT 


Name the gas C. 
What is the major organic compound A, formed 
from the following reaction? 


УФА 


What is Hinsberg reagent? 


How will you convert the following? Aniline into 
N-phenylethanamide (write the chemical 
equations involved) All India 2014 


Complete the following reaction. 
CgHsNH2 + Н504 (conc.) —› 


In the following reaction, 


Dues 


what is the structure of product X? 


(i) CH,NH, 
(ii) LiAIH, 
(iii) H,O 


A 


NCERT 


Conc, HNO3 + 
Conc. H2504 


X 
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SHORT ANSWER Type I Questions 


24. 


25 


26. 


27. 


28. 


29 


30 


|. 9t. 


32 


33. 


34 


Arrange the following in the order of their 
increasing basicity : p-toluidine, N, 
N-dimethyl-p-toluidine, p-nitroaniline, aniline 


Write the decreasing order of the following 


Bronsted bases. 
NH; 


Og" oo 


Give reasons for the following. 
(i) рКь of aniline is more than that of methylamine. 


‚ CHNH; 


(ii) Ethylamine is soluble in water whereas aniline is 


not. NCERT 


Complete the following acid-base reactions and 


name the products. 
(i) CH3— CH? — CH? —NH», + HCl— 


(ii) (C2H5)8N + HCI— NCERT Intext 
Write short notes on the following: 
(i) Acylation 
NCERT 


(ii) Carbylamine reaction 


Why is NH; group of aniline acetylated before 


carrying out nitration? NCERT Exemplar 


Write the chemical reaction of aniline with 
benzoyl-chloride and also write the name of the 
product obtained. NCERT Intext 
Complete the following reactions. 

(i) CgH; NH; + CHCl3 + alc. ЗКОН —> 


s Fe/HCl HNO, 
(ii) CgH5 NO; ——35 A TK B NogRT 
How will you convert 
- (i) Nitromethane into dimethylamine? 
(ii) Propanoic acid into ethanoic acid? NCERT 


Account for the following. 


(i) Methylamine in water reacts with ferric chloride 
to precipitate hydrated ferric oxide. 

(ii) Aniline does not undergo Friedel-Crafts 
reaction. All India 2019, Delhi 2014; NCERT 


Benzylamine may be alkylated as shown in the 
following equation. 


Cg HsCH2NH? + R— X —>CgHsCH»NHR 


Can you predict the ‘R’ through which Sy 
mechanism can be shown? 


Атїпе$ 


35. CsHisN reacts with HNO, to give an optically 


active alcohol. What is this compound? 
Give its IUPAC name. 


36. Complete the following reactions. 
(i) C6H5 NH? + ЗВ (ag) — 
(ii) СєЄН ЇН, + (CH3CO),0-—5 
All India 2013; NCERT 
37. Write the structures of A, B and C in the 
following reactions 


B к 
() Сену —сомн,-8%%К0Н, , Nanoha 


«| 
C 


(ii) сн; KCN A ШАН, В СНСІз + alc.KOH С 


38. Give one chemical test to distinguish between 
the following pairs of compounds. 
(i) Aniline and benzylamine 
(ii) Aniline and N-methyl aniline 
All India 2010; NCERT 


39. Suggest a route by which the following 
conversion can be accomplished. 


О 
Сун À ОЕ» 
——— 


| | NCERT Exemplar 
SHORT ANSWER Type II Questions 


40. Arrange the following in increasing order of 
property specified: CBSE SQP 2021 
(i) Aniline, ethanamine, 3-ethylethanamine 
(solubility in water) 


(ii) Ethanoic acid, ethanamine, ethanol (boiling 
point) 

(iii) Methanamine, N, N- dimethylmethanamine 
and N-methylmethanamine (basic strength in 
aqueous phase). 

41. Arrange the following 


(i) in the decreasing order of basic strength in gas 
phase 


C;HSNH,, (C2H5 МН, (C;H;)s N and NH3. 
(ii) in the increasing order of boiling point 


НОН; (СНз) МН , C)HSNH;. 
. HOH; (CHg),NH ‚С; NCERT; АП India 2014 


(iii) in the increasing order of solubility in water 
CgH5NHp, (C2H5); NH, C)H5NHp. All India 2014 
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42. Arrange the following 


(i) in the decreasing order of pK, values C,H;NHp, 
CgH3;NHCH3, (C,Hs)})NH and CgH5NH). 

(ii) in the increasing order of basic strength 
CeH5NE», C6H5N(CH 3), (C2H5) 2NH and 
CH3NH). 

(iii) In the increasing order of basic strength. 
(a)Aniline, p-nitroaniline and p-toluidine 
(b) CgHsNHp, CgH; NHCHs, CgH;CH,NH, 
NCERT; All India 2011; Foreign 2009 


43. Arrange the following in the increasing order of 
their basic strength. 


(i) GH; МН», СвН5ЇМН», NHs, СеН5СН,МЊ and 
(Сону NH 
(ii) CgHsNHp, (CoHs )p NH, (C;H5)3N, CeHs NH 
(iii) CH3NHp, (CH3))NH, (CH3)3N, CgHsNHp, 
CgHsCH,NH, NCERT Intext; All India 2011 
44, Give reasons for the following. 


(i) Aniline does not undergo Friedel-Crafts 
reaction. 


(ii) (СНз) NH is more basic than (CH3)3N in an 
aqueous solution. 
(iii) Primary amines have higher boiling point than 
tertiary amines. All India 2016, 14 
45. Draw the structures of different isomers 
corresponding to the molecular formula, C3HoN. 
Write the IUPAC names of the isomers which 
will liberate nitrogen gas on treatment with 
nitrous acid. NCERT Intext 
46. (i) Give a chemical test to distinguish between 
N-methylethanamine and N,N-dimethyl 
ethanamine. CBSE SQP 2021 
(ii) Write the reaction for catalytic reduction of 
nitrobenzene followed by reaction of product 
so formed with bromine water. 
(iii) Out of butan-1-ol and butan-l-amine, which 
will be more soluble in water and why? 


47. How will you convert 
(i) ethanamine into methanamine? 
(ii) ethanoic acid into propanoic acid? 


(iii) methanamine into ethanamine? NCERT 
48. How will you convert 
(i) ethanoic acid into methanamine? 
(ii) hexane nitrile into 1-aminopentane? 
(iii). methanol into ethanoic acid? NCERT 
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49. Give the structures of A, B and C in the following 
reactions, 


(i) CH3CH)Br GN A LiAIH, B C 


(ii) CHyCOOH E A—Naosr, в NaNO; / HCl o 
50 4 All India 2014; NCERT 
* Convert the following. CBSE SQP (Term II) 
(i) Phenol to N-phenylethanamide 
(ii) Chloroethane to methanamine 
(iii) Propane nitrile to ethanol 


HNO, 


51. Write the main products of the following 


reactions. 
(i) CH3CH, NH, —HNO2, 
(0°C) 
Г 
(ii) oo + FEN Gals ty 

О H 

(iii) | Base 
H 


All India 2013; Delhi 2013; NCERT 


52. What happens when reactions CBSE SQP Term-II 
(i) N-ethyl ethanamine reacts with benzene 
sulphonyl chloride ? 
(ii) benzyl chloride is treated with ammonia 
followed by the reaction with chloromethane ? 
(iii) Aniline reacts with chloroform in the 
presence of alcoholic potassium hydroxide. 


53. (i) Write the IUPAC name for the following 
organic compound. CBSE SQP Term-II 


CH3—N—CH,CH3 


(ii) Complete the following. 
Sn/HCl , Br;/H;O NaNO,/HCI 
TA — В —— 
CeHsNO; ч 273-278 К 
HBF, 
C кту? р 
54. Account for the following. 
(i) Although, amino group is o-and p-directing in 
* aromatic electrophilic substitution reactions, 
aniline on nitration gives a substantial amount 
of m-nitroaniline. 


imide synthesis is preferred fo, 


| phthal k 
(ii) Gabriel p amines. NOE; 


synthesising primary 


55. Give reasons for the following. | | 
(i) Acetylation of aniline reduces its activation 


effect. 
(ii) CH3NHz is more basic than CgH5NH). 
(iii) Although —NH3 is o/ p-directing group, yet 
itration gives a significant amount 


aniline onn 
of m-nitroaniline. All India 2017; Delhi 201; 


56. Account for the following. CBSE SQP Term. 


(i) Aniline cannot be prepared by the 
ammonolysis of chlorobenzene under 


normal conditions. 
(ii) N-ethylethanamine boils at 329.3K and 
butanamine boils at 350.8 K, although both are 


isomeric in nature. 
(iii) Acylation of aniline is carried out in the 
. presence of pyridine. 


LONG ANSWER TYPE QUESTIONS 


57. (i) Write the structure of main products when 
aniline reacts with the following reagents : 


(a) Br, water (b) HCl 
(c) (СНзСОрО /pyridine 
(ii) Arrange the following in the increasing order 
of their boiling point : 
C2H5NH2, C;H50H, (CH3)3N 
(iii) Give a simple chemical test to distinguish 
between the following pair of 
compounds (CH3); МН and(CH3)3N Delhi 2015 
58. Answer the following questions: 


(i) The compound of A(C3HgN) reacts with 
benzene sulphonyl chloride to give a solid, 


insoluble in alkali. Identify ‘4’. 


(ii) Outline a synthesis of p-bromonitrobenzene 
from benzene in two steps. 


59. An aromatic compound ‘4’ of molecular formula 
C7HgO», undergoes a series of reactions as 
shown below. Write the structures of A, B, C D 
and Ein the following reactions. 

D 


Мнн | LiAlH4/Ether 
s 3/ Heat 
(@нво2 7———— CgHsCONH? 


ыз р (СНзС0)20 , 
+ Маон 
|ва 


Е 


HINTS AND EXPLANATIONS 


1. (a) Order of boiling points of isomeric amines is as follows 
Primary » secondary » tertiary 


2. (a) Amines being basic in nature forms salt on 
treatment with acids, 


Factors responsible for 
basic character are 


Inductive effect (+ Г) 
Inductive effect (— Т) 


` Inductive effect (+ Г) and 
Solvation 


3. (с) 


(a) СН;—МН, 
©) NC-CH;-NH, 


Compound 


(с) (CH3)2NH 


H 
o Qr 
CH; 


Since, + I effect and solvation increases basic character 
while -I effect and resonance decreases basic character. 
Hence, correct choice is (c). 


— I effect and resonance 


+ 


‚ (b) Primary aliphatic amines react with nitrous acid to 
form aliphatic diazonium salts which being unstable, 
forms alcohol and liberate nitrogen gas quantitatively . 


NaNO, + HCI _ 
R-NH; + HNO. ——=— [ЕСГ] 


H,O 
— ВОН +N, Î +НС1 


5. (a) Amines react with benzoyl chloride to give N-methyl 
benzamide. This reaction is known as benzoylation. 


CHINH, +CgHsCOCl —» CH;NHCOC,H; + HCI 
Methanamine Benzoyl 


с N-methylbenzamide 
chloride 


e 


(d) Ortho and para-positions to the NH; group have high 
electron density. Thus, NH» group is ortho and 
para-directing and a powerful activating group. 


(d) Bromination, nitration and sulphonation of aniline 
are electrophilic substitution reactions. 


ч 
е 


8. (4) Aniline reacts with bromine water at room temperature 
to give white precipitate of 2, 4, 6-tribromoaniline, 


2, 4, 6-tribromoaniline 
9. Primary amine 
10. Because thay have no hydrogen bond. 
11. Increasing order of basic strength 
СН;МН, < C,HsNHCH, <C,HCH,NH, 


12. As the bond polarity increases, dipole moment increases 
and hence, order is 


CH4CH;CH, < CH,CH;NH; < CH;CH,0H 
13. Amines are reactive due to the difference in 
electronegativity between hydrogen and nitrogen atom. 
14. Primary amine 
15. Pyridine being a base, is used to remove the side product, 
i.e. HCl from reaction mixture. 


NHCOCH3 


NH, 
@ Шы @ „на 
S 
| | 


H 


16. CH,CH,NH, + CHCl, + 3KOH (alc.) 
s$ CH,CH,—N =C+3KCl «38,0 
Ethyl isocyanide 
17 


Ethylamine gives carbylamine test, i.e. on treatment with 
‚ alcoholic KOH and chloroform, followed by heating, it 


gives offensive odour of ethyl isocyanide. Dimethylamine 
does not give this test. 


Nitrogen gas 
NH, 


19. У 


20 


18 


Benzene sulphonyl chloride (C ;H5SOsCI) is known as 


Hinsberg reagent. It is used to distinguish between 
primary, secondary and tertiary amines. 


21. (уз, + CH4,CO — 0 — COCH, 
( \- NHCOCH, + CH,COOH 


СеН;МН, + H;SO,(Conc.) —> С;Н; МНуНЅО; 


мон, 


22 


SEUSS, CH sNH,SO,H 


oi 
| 

"T 
H 


23, 
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24. 


25. 


26. 


27. 


28. 
29. 


30. 


p-nitroaniline < aniline < p-toluidine < N,N-dimethyl 

p-toluidine. í { 

Due to delocalisation of a lone pair of electrons present 

on the N-atom into the benzene ring, CgHsNHz is 

weakest base. i 

(i) In aniline, the electron pair on nitrogen atom is 

involved in conjugation with ring and is less 
available for protonation than that in 
methylamine. Therefore, pK, value of aniline is - 
more than that of methylamine and aniline is less 
basic (as higher the pK, value, weaker is the bas). 

(ii) Ethylamine is soluble in water due to hydrogen 
bonding. . 


H H 
ls se 50 s | 5n st 


CH, H СН; H 


In aniline, due to bulky hydrocarbon part, the extent 
of hydrogen bonding is less and it is not soluble in 
water. 
(i) CH; —CH,—CH,— NH, +H—Cl —> 
n-propylamine M 
CH, —CH,—CH,—NH,Cl 
n-propyl ammonium chloride 


ee + 
(ii) (C2H5), N +н—С1——› (CH5); NHCI- 
Triethylamine Triethylammonium 
'. chloride 
Refer to text on pages 371 and 372. 
In order to check the activation of benzene ring by 
amino group, first it is acetylated with acetic anhydride 
or acetyl chloride in the presence of pyridine to form - 
acetanilide which can be further nitrated easily by 
nitrating mixture. ; i 
For reaction, refer to text on page 373 and 374. 


The entire reaction sequence can be written as, 


. н 
| 
| Aniline Н Cl 


Benzoyl chloride 


N- phenyl benzamide 
(Benzanilide) 
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A 
. (i) CgHsNHz +СНСІз + alc. ЗКОН —> 
31. (i) C6H5 2 3. С,Н;МС + ЗКСІ+ Н,0 


Ее/НСІ HNO, + - 
(ii) C6HsNO, ——> Сену; о Сеним 


32, Nitromethane into dimethylamine 
CHCI, / KOH 
i-r TOC 


Sn/ НСІ 
(i) CHNO, "ы? CH4NH; 
Nitromethane [ Aminomethane 
CH,NC „9/2909, CHNHCH, 
Methyl isocyanide [H] Dimethylamine 


(ii) Propanoic acid into ethanoic acid 
NH, / Heat 
GH4GH;COOH, =a CH4CH;CONH; 
Propanoic acid Propanamide 


Br, / KOH HONO 
—— O9 CH,CH;NH; ә 
2» 


Ethylamine «Hoo 

K,Cr,0, / H,SO 
CH4CH;OH —— —.—— >. CH CHO 
Ethanol [O) . .. Ethanal 


K,Cr,0, / H;SO y 
AU CHCOOH 


ПО] "Ethanoic acid 
33. (i) Methylamine being more basic than water, accepts a 
proton from water and ОНГ ions are produced which 
further reacts with ferric ion to give brown ppt. of 
hydrated ferric oxide. 


GINS (5 " П 
CH3NH, + H—OH — CH3NH3 + OH 
Methylamine i 

FeCl, —> Fe* +3 Cl; 


2Fe**+ 60H* —> 2Fe(OH)3 or Fe?04:3 H,O 
“ Hydrated ferric 


oxide 
(Brown ppt.) 

(ii) Aniline does not undergo Friedel-Crafts reaction as it 
react with AIC], to form a complex. So, further reaction 
does not takes place. 

CoHsN Н; + i AIC]; —> [C6H;NH;]* [AIC] 
Ailing isácidy i^ 
(Lewis base) eim repe 
34. ‘R can be С,Н;СН,Вг 

Sy1 reaction occurs in two steps. In first step R-X bond is 

broken to produce a carbocation which is attacked by 

nucleophile. The greater the stability of carbocation, the 


greater will be the rate of reaction. Benzylic halides show 
high reactivity towards Sy1 reaction. 


Y 
+ 
X) CH, CH, CH, 
——_ —_+ 
С 4 T ; 
~ 
+ 


Amines 


35. HNO, reacts with C,H,sN to give an alcohol, means the 
compound is primary amine. C,H,,N means C5H,,NH, 
(primary amine). 
Optically active alcohol means C sH,,OH segment 
contain a chiral carbon. 


H 


5 4 3 2l 
CH,;—CH,—CH,—C—_NH, 


Br 
(ii) CceH5NH,; +(CH,CO),0 —> 
Aniline ic 
anhydride 
H 5C6NHCOCH, + CHCOOH 
N-phenylethanamide ^ Ethanoic 
Or acetanilide „acid 
CONH, NH, 


(B) (9 
(i) сн,—с1—К°©эсн,см SS, сн, cg v, 
(А) (B 
СНСІ,+КОН (alc) CH,CH,NC 
(© 


38. (i) Nitrous acid test Aniline with HNO, 
(from NaNO, + HCl) gives benzene diazonium 
chloride which is stable at 273-278 K and hence, 
does not decompose to give №, gas. 


NaNO,, НСІ 
C m 273 -278K 
же 


TE -—NCl , масу + 2H,0 


Benzene diazonium chloride 
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While benzylamine reacts with HNO,, it give 
diazonium salt which being unstable at low 
temperature decomposes and gives N, gas. 
NaNO;/ НСІ y 
СеНуСН МН, —— [C,H,CH,—N = МЈ] 
(Unstable) 
H,0 
—— C,H,CH,0H+N,T + НСІ 
Benzyl alcohol 
(ii) Aniline is a primary aromatic amine while N-methyl 
aniline is a secondary aromatic amine. So, they can 
be distinguished by carbylamine test. 
For test, refer to text on page 372. 
39. Complete conversion can be performed as 


О 
: NH, О 
cr Br//KOH CHCLKOH 
юз ШШЕ opem mem 
m e 
— 


40. (i) The correct increasing order of solubility in water is 
aniline < 3 - ethyl ethanamine <ethanamine 
Solubility of amines decreases with increase in molar 
mass due to increase in the hydrophobic part which 
retard the formation of H - bonds. 

(ii) The correct increasing order of boiling point is 
ethanamine < ethanol < ethanoic acid. 


Carboxylic acids have higher boiling points because 


they have high extent of hydrogen bonding with 


water, due to which they exists as associated 
molecules. 


In vapour state or in aprotic solvent 


N H—O 
ae oN 9 
poe OH 


Hydrogen bonding of RCOOH with H10 
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(iii) The correct increasi 
sing order of basic s 
aqueous phase is trength in 


N, N - dimethylmethanamine « methanamine 
(3°) (1%) 
< № - methyl methanamine 
. H M 
Basic strength in aqueous phase depends upon the 
stabilisation of their conjugate acids by a number of 
factors such as H - bonding, steric hindrance of alkyl 
groups and +] efffect of alkyl groups. The first two 
factors are favourable for 2* amines. "oc 
41. (i) (C;Hs),N» (C;H5); NH» C;H;NH; > NH; 
(ii) (CHs)2NH < C;H5NH; < C;H,OH 
(ш) CgH3;NH2 < C;H5NH; «(C;H5); NH 
42. (i) C6H5NH3 > C6H5NHCH, > CjH35NH; »(C2H5); NH 
Gi) СеН;МН, < СєН;5М(СН;з), < СН:МН,<(С,Н;) МН 
(ii) (a) p-nitroaniline < aniline < p-toluidine — 
мн, NH, NH, 


-O 


ко, CH; 
(b) C,H NH, < С;Н;МНСН; < C6H5CH2NH3 
43. (i) C9HgNH; < NH3 < Ce HSCH;NH; < C;HSNH; 
< (C2H5)2 NH 
(ii) CeH;NH; < СНУМН; <(CzHs)3N <(CzHs)2NH 
(iii) Cg HNH; < Ce HsCHjNH, <(CH3)3N ` 
< CH4NH; <(CH3)2NH 

44. (1) Aniline being a Lewis base, react with the Lewis acid 


AICI; used in Friedel-Crafts reaction and produce a 
salt, hence does not show Friedel-Crafts reaction. 


+ 
C4Hs-NH; + АІСІз — C6H5: NH) AICI; (Salt) 


(ii) In aqueous solution, basic nature depends on 
+ I-effect, H-bonding and steric-effect. 


The combined effect shows that (CH3)2 NH is more 
basic than (CH3); N as H-bonding is more in case 
of (CH3)2°NH than in (CH3)3N, which predominates 
over the stability due to +I- effect of three — СНз 
groups. 

(iii) Primary amines (1°) show two-hydrogen bonds 
whereas tertiary amines (3°) show no hydrogen 
bonding. Thus, the net attractive force in case of 
primary amines is more than that of tertiary amines. 
Hence, primary amines have higher boiling point 
than that of tertiary amines. 
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45, Four structural isomers аге possible. 


Propan 1-атіпе 
(1° amine) 


N -methyl ethanamine | 
NH; 


(2? amine) 
Propan -2-amine 
(1° amine) 


Only 1° amines react with HNO, to give № gas, ie. 


CH,—CH,—CH,—NHz2 +HONO — 
Ргорап 1-атіпе 
CH4—CH;— CH;0H 


Propan-l-ol (Major product) 


HC 

3" NcH— NH; + HONO—> 

Hat Propan-2-amine ` 
Не 


Ф и ок N51 +H,0 
3 


Propan -2-0l 
(Major product) 


46. (i) N - methylethanamine is secondary amine. When it 
reacts with benzene sulphonyl chloride it forms 
N-ethyl-N-methyl sulphonamide while, 

N, N - dimethylethanamine is a tertiary amine. It 
does not react with benzene sulphonyl chloride. 


(ii) мо, NH NH; 


2 
© Ho/Ni © Brə/H20_ Br Вг 
——À —2—ә 


(iii) Butan-1-ol is more soluble in 
water. Alcohol forms stronger 
hydrogen bonds with water than 
formed by amine due to higher — 4 os 
electronegativity of O in alcohol Gi 
than N in amine. R 


[н 


X 
© 
Ь 


47. (i) Ethanamine into methanamine 


CH4CH;NH; —HON°_, cH,CH,OH 
Ethanamine ~N2»-H2° Ethanol 


[О] 
оС Де з cp СООН 
K2 Cr O7 3 K2Cr,07 [H5SO, e 3 
їН;$О, 


NH Br. /KOH 

3. CHyCONH,———> 
Heat б 
Ethanamide 


CH4NH; 
Methanamine 


уб 


(i Ethanoic acid into propanoic acid 


iAlH, 
СНСООН — сн,сн 


Red P/I 
OH — 
Ethanoic acid Ethanol 
KCN(alc.) 
CH4CH;I ———3 CH 3CH,CN aoe, 
Iodoethane Propane nitrile 
CH,CH,COOH 
О Propanoic acid 
(i) Methanamine into ethanamine 
CH,NH, HONO CHoy АРЛ, 
Methanamine N2, -Н,0 Methanol N 
С 
KCN(alc.) Reid 
CHI —— CH4CN —————)3 
Methyl iodide Ethane nitrile, { 41) 
CH3CH,NH, 
Ethanamine 


48. (i) Ethanoic acid into methanamine 


ос, 
сн,соон 2005 су. сосу засе) 
Ethanoic 


Ethanoyl 
acid chloride 
Br./ KOH 
CH зСОМН, Hofmann bromamide CH;NH, 
Ethanamide 


reaction Methanamine 
(ii) Hexane nitrile into 1-aminopentane 


H,0t 
Hexane nitrile с Hexaramide 


Br)/KOH 
CH,(CH,), NH; 


—————— 
Hofmann bromamide reaction l-aminopentane 


(iii) Methanol into ethanoic acid 


PCI 
CH,0H —5 


KCN(alc.) 
——— 
Methanol 


CH4CI 
Chloromethane 


+ 
H9 CH4COOH 
Ethanoic acid 


ШАҢ; 


——» 


CH4CN 
Ethane nitrile 


49, (i) CH,cH,Br SSN, CH,CH, cn 
Ethyl bromide heu cyanide (A) 


CH4CH;CH;NH; E CH4CH;CH;0H 
n-propylamine n PT alcohol 
(B) (C ) 
NH; NaOBr 
(ii) сн,соон ——> CH4CONH; — > 
Acetic acid Acetamide 
(4) 
NaNO;/HC! 
CH4NH; 
Methyl amine 
(B) 


CH40H 
Methanol 
(C) 


(i) b to N- раи 


aa Zinc dust таа, (Су semen. Сопс. Cone. нмОуң530‹, 


Phenol Benzene 
Sn/HCl @ CH;COCI Pyridine 
———À ———————À 
NHCOCH3 
Nitrobenzene Aniline 
N-phenylethanamide 
(Acetanilide) 


(ii) Chloroethane to methanamine 


Aq. NaOH KMz0, 
CHCH! — —9 CH4CH,0H ——> 
Chloroethane Ethanol 


NH, /Heat 


CH4COOH — —5 CH,CONH, 


Br,/KOH 
———À 


' CH4NH, 
(iii) Propane nitrile to ethanal 


снзсн,см EG, CH,CH,CONH, 


Br, /NaQH 
———À 
Propane nitrile 


Propanamide 


CH4CH;NH; IN CH,CH,0OH 5 CH,CHO 
| Ethylamine Ethanol 


Ethanal 
1. (i) CH,CH,NH, + HNO, 2 ge, CH4CH,0H 
Ethylamine Ethyl alcohol 


+ NT«uo 
(ii) Refer to text on page 373. 


=н | Base 
(iii) | t СНС = 


Aniline Y 
NH-C-CH; 


* KCl 


N-phenyl ethanamide 
(Acetanilide) ‘ 
2, (i) When N-ethylethanamine (Z'amine) reacts with 
benzenesulphonyl chloride N, N-diethylbenzene 
sulphonamide is formed, 
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о 
| 


ү“ + Меге — 


CH, 
N-ethylethanamine 
(2° amine) 

о 
| 


Benzene sulphonyl 
chloride 


$ нењ + HCl 


о CH; 
М, N-diethylbenzene sulphonamide 
(Insoluble in alkali) 
(ii) When benzyl chloride is treated with ammonia, 
benzylamine is formed, which on further reaction 


with chloromethane yields a secondary amine, N, 
N-dimethyl benzylamine. 


NH; 
——À 


Benzyl chloride Benzylamine 


(аав 


сн, 


N-N-dimethylbenzylamine 
(2° amine) 

(iii) Aniline on reaction with chloroform in the presence 
of alcoholic potassium hydroxide gives phenyl 
isocyanides (or phenyl isonitrile). 

NH, ' МС 


+ 3KOH —45 
(Alc) 


+ CHCl, 


(Chloroform) 
Aniline Phenyl isocyanide 


+3КС1 +3H,0 


This reaction is an example of carbylamine 
reaction. 

53. (i) IUPAC name of given compound is 
N-ethyl-N-methylaniline or 
N-ethyl-N-methylbenzenenamine. 

(ii) Complete reaction is as follows 


NO, NH, NH, 
Br Br 
Br2/H;O І 
Sn/HCl 12/H7 
Aniline 
Br 


Nitrobenzene 
(A) 


2,4,6-tribromoaniline 
(B) 
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* - 
F NCI 
Br N 
Br. on HBF, “or EM "Оина 
аА 
A L 
Br 
Br (C) 


2,4,6-tribromofiuorobenzene 
(D) 


54. (i) Nitration is usually carried out with a mixture of 
conc. HNO; and conc. H250,. So, in the presence » 
these acids, aniline gets protonated to form 
anilinium ion. Therefore, in the presence of these 
acids, the reaction mixture consists of aniline and 
anilinium ion. — NH; group in aniline is o, p- 
directing and activating, whereas the N H4 group in 
anilinium ion is m-directing and deactivating. 

Now, nitration of aniline mainly gives P-nitroaniling 
due to steric hindrance at o-position, the nitration of 
anilinium ion gives m-nitroaniline. In actual Practice 
approx. 1:1 mixture of p-nitroaniline and 
m-nitroaniline is obtained. 


N (NH NH2 NH3 
NO, 
* NO; + 
-H* 
Anilne o-nitroaniline (27; 
NO; e (2%) 
p-nitroaniline (51%) 
+ M | 
NH; NH; NH; 
N * 
+ k NH,OH 
NO? NO, 
Anilinium ion 


m-nitroaniline (47%) 


(i) Gabriel phthalimide synthesis produces primary 
amines only without the traces of secondary or 
tertiary amines. So, this method is preferred for the 
synthesis of primary amines. 

For reactions, refer to text on page 363. 


55. (i) Due to electron withdrawing effect of the acetyl 


group, the lone pair of electrons on N-atom is 
attracted by group.As a result, lone pair of electrons 
on N-atom is not exclusively available for donation to 
the benzene ring and hence, activating effect of the 
— МН; group is reduced. 


(ii) In aniline (C;H5NH,), the electron pair on nitrogen 
atom is involved in conjugation with ring and is less 
available for protonation than that in methylamine 


(CH3NH,). Therefore, aniline is less basic than 
methylamine, 


26 
NH, NH, 
c3 | 


(ii) Nitration is usually carried out with a mixture of 
conc. HNO; and conc. H3504. So in the presence of 
these acids, aniline gets Protonated to form 
anilinium ion. Therefore, the reaction mixture 
consists of aniline and anilinium ion, — NH, - 
group in aniline is о, p-directing and activating, 
whereas the NH, group in anilinium is m 
-directing and deactivatin 


ге 5. Now, nitration of 
aniline mainly gives p-nitroaniline due to steric 
hindrance at o-position and the nitration of 
anilinium ion gives m -nitroaniline. 


*NO;* NO, 
rcx + | 
Aniline 


o-nitroaniline 
(2%) 
p-nitroaniline (51%) 

+ + 
МН; ©, NH3: ) NH, 

NO, ¢ NH4OH 

, -H* 
NO, NO, 


Anilinium ion i m-nitroaniline 
(47%) 


- 56, (i) The ССІ bond of chlorobenzene has partial double 
bond (due to resonance or + M-effect). Thus, it is | 
very difficult to break її, So, under normal condition 
ammonia is unable to displace chlorine from 
chlorobenzene and aniline is not formed. 

(ii) Amines are polar and hence form intermolecular 
H-bonds. This intermolecular association depends 
upon the extent of H-bonding. 1° amines have two, 
2° amines have one, while 3° amines have no 
hydrogen bonded to nitrogen. Therefore, boiling 
point of butanamine is higher than 
N-ethylethanamine. 

CH4CH,CH;CH;NH; СН;СН; — | — CH;CH; 
Butanamine H | 

тае N-ethylethanamine , 

Hus (2° amine) 

the presence of 


HONK Jun i tin 
(iii) Acylation of aniline is carried ou which 


a base stronger than amine like pyridine, 
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remove НСІ so formed and shifts the equilibrium 
towards right hand side. 


NH, NH; 


Br Br 
Br,/H,0 
57, (i) (a) wis Q + 3HBr 


Aniline 


Br 
2, 4, 6-tribromoaniline 


NH NH,CI~ 


2 
(b) Ò + HCI —> 


Anilini 
chloride 
NH; NHCOCH; 


(CH,CO),0 
Pyridine 
Acetanilide 
(ii) Alcohols have higher boiling point as compared to 
that of amines, because oxygen being more 
electronegative atom, forms strong hydrogen bond 
as compared to that of nitrogen 
In tertiary amine, there is no hydrogen bond 
formation due to the absence of H-atoms and 
hence, has the lowest boiling point. 
Therefore, increasing order of boiling point 
(CH3)3N < C,H ;NH, < C,H;0H 
(iii) (CH3);NH and (CH4),N are secondary and tertiary 
amines respectively. These are distinguished by 
Hinsberg's reagent which gives sulphonamide with 
secondary amines and no reaction carried out with 


tertiary amines. (СНз), NH reacts with benzene 
sulphonyl chloride as follows: 


(c) 


О 
(san xo 
o - о 
Crime | 
о cH 


N, N-dimethyl benzene sulphonamide 


58. (i) Refer to text on page 373, 
C.H 


| 
(ii) Hint A= Y" CH; 


H | 

Br Br 

(9) Bry of Conc. HNO, Soy 
AT. — 
ON 
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59. 


Acetanilide 


(CH,CO),0 [Astra 


C:H40, (A) 


ве ide bromamide 
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NHCOCH; 
(С) 


NH; 
Br 
Br, (aq) 
romination 


NH,/Heat 
17» CH,CONH, Bit №0 cau Nn, —— > 
Hofinann B 


Reduction degradati Aniline Br 
LiAlHyether cei (В 2, 4, 6-tribromo aniline 
CsHsCH,NH, (E) 
Benzylamine 
(D) 
COOH NH, | 
A is ; B «(C ; .Cis -NHCOCH, . 
Benzoic acid ` Aniline d | ee 
2 ; ri 2-9 3 € 
: i Br Br 
Dis C.H;CH,NH, ; Eis 
Benzylamine 


| TOPIC 3| 

Diazonium Salts 

Diazonium salts are a group of organic compounds, 
having the general formula, ArN; X, where Ar is 


abbreviated for the aryl group afid Y may be 
Cl ,Br ,HSO;, NO3, etc. 


NOMENCLATURE 


+ + 
The М2, (i.e. —N == М) is called diazo group. These 
are named by adding the suffix diazonium to the name of 
the parent hydrocarbon from which they are derived 

| + _ 

followed by the name of anion. e.g. C;Hs5 № Cl is 
benzene diazonium chloride, СН № HSO; is benzene 
diazonium hydrogen sulphate. 


STABILITY 


Primary aliphatic amines form highly unstable alkyl 
diazonium salts. Primary aromatic amines form arene 
diazonium salts, which are stable for a short time in 
solution at low temperature (0-5°C). 


Br Xd 
2, 4, 6-tribromoaniline 


The stability of arene diazonium salt is due to the 
dispersal of the positive charge over the benzene ring. 
© ө 9 


Note Resonance stabilisati 
aliphatic amines. . 


METHOD OF PREPARATION 


Benzene diazonium chloride is prepared by the reaction 
of aniline with nitrous acid (which is produced by the 
reaction of NaNO; and НСІ) at 273-278 К or 0-5°C. 


CcH5NH; +NaNO, + 2HC] 272278 Қу 
j - + = 
СсН; №, Cl + NaCl + 2H50 


The conversion of primary aromatic amines into their 
diazonium salts is called diazotisation. Due to its 
instability, the diazonium salt is not generally stored and 
is used immediately after its preparation. 


on is not possible in diazonium salts of 


2 
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pHYSICAL PROPERTIES 


nzene diazonium chloride is colourless and readily soluble in water. Hence, physical properties of diazonium salts can 
be described as follows: 


(i) Diazonium salts are generally colourless, crystalline solids. 
(ii) These are readily soluble in water and stable in cold water, They react with water when warmed. 


(ii) These are unstable and exploit in dry state, hence used in solution state. 


(iv) Their aqueous solutions are neutral to litmus and conduct electricity due to the presence of ions. 
(v) Benzene diazonium fluoroborate is water insoluble and stable at room temperature. 


CHEMICAL REACTIONS 


The chemical reactions of diazonium salts can be divided into two categories: 


Reactions Involving Displacement of Nitrogen 


Diazonium group being a very good leaving group, is substituted by other groups such as CI, Br 1 ,CN and OH ^ 
from the aromatic ring. The nitrogen thus formed escapes from the reaction mixture as a gas. 


Cu;Cl,/HCI 
(Sandmeyer reaction) CoH5Cl 196 T 

Cu,Br, /HBr 
(Sandmeyer reaction) С.6Н5Вг+) T 


CuCN/KCN 


(Sandmeyer reaction) 


СеН;СМ+ N51 


Cu/HCl 


(Gattermann reaction) 


N=NCr СНС + №,7 +CuCl 


Cu/ HBr | 
(Gattermann reaction CoHsBr + №? +CuCl 
B di x KI 
chloride 8 С6Н1+КС1+ №, 1 
Е CoHsF +ВЕ, + N51 +HCl 


H;PO, + H,O 
C6H6 + №1 & H4PO, +HCl 
CH; CH,OH 
CoHg + NT «CH4CHO « RCI 


C6H5OH + N51 +HCl 


iar, ММО 
p Сен; № ВЕ ра CoHsNO) + №1 + NiBF, 
Reactions Involving Retention of Diazo Group (Coupling Reactions) 

Benzene diazonium chloride reacts with phenol in which phenol molecule at its para-position is coupled with diazonium 
salt to give the product p-hydroxy azobenzene, hence the reaction is known as coupling reaction, The azo products obtained 
having both the aromatic rings joined through the —N=N— bonds, are coloured and used as dyes. 


TERI «4 )- oH ( we )-он +С + НО 


-hydroxyazobenzene 
Benzene diazonium salt Phenol В | Gansta 
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Similarly, the reaction of diazonium salt with aniline 
gives p-aminoazobenzene (yellow dye), 


SI H Jnn 


Benzene diazonium Aniline 


salt 


P-aminoazobenzene 
(Yellow dye) 


+СГ + Н,О 


| TOPIC PRACTICE 3| 


OBJECTIVE Type Questions 
1. Which of the following amine will form stable 
diazonium salt at 273-278 K? 
(а) C;HsNH; (b) CgHSNH; 
(c) C6H5CH NH, (d) C6H5N(CH3 » 
2. The stability of arenediazonium ion is 


explained on the basis of resonance. Which of 
the following resonating structure is 


u^ 
& s Ф & 
N=N | N=N? 
ó 
е Pi: [15] N: 
NzN:. N= 


3. The reaction, 


Amici; -HC arch +N + CuCl 


is named as 
(a) Sandmeyer reaction (b) Gattermann reaction 
(c) Claisen reaction (d) Carbylamine reaction 


| All/zone | CHEMISTRY Class 121} 


IMPORTANCE OF DIAZONIUM 
SALTS IN THE SYNTHESIS OF 
AROMATIC COMPOUNDS 


These are important in the synthesis of aromatic 
compounds due to the following facts: 

(i) These are very good intermediates for the introduction 
of —F, —СІ, —OH, —CN, —NO}, etc., into the 
aromatic ring. 

(ii) Similarly, aryl fluorides and iodides cannot be prepared 
by the direct halogenation. Cyano group cannot be 
introduced by nucleophilic substitution reaction but 
cyanobenzene can be prepared from diazonium salts. 

(iii) Thus, replacement of diazo group by the other group is 
helpful in preparing those aromatic compounds which 
cannot be prepared by the direct substitution in benzene, 


4. Benzene diazonium chloride when reacts with 
hypophosphorus acid produces 
(a) Benzene (b) Phenol 
(c) Phenol isocyanide (d) Phenyl phosphate 


5. Thereagent used for converting benzene 
diazonium chloride into benzene is 


(a) CH4CH;OH (b) H,0 
(c) HBF, (d) KI 
6. The intermediate 'X' in the following reaction is 
М==МСГ 
H 2 
LN = C,HsNO; + NÌ + NaBF, 
+ - 
(а) СЬНЬ—М —BF, (b) CH 5М2 BF, 
(c) CH5N3 ВЕ; (d) CSGHSN—NBF, 


7. Which of the following compound will not 
undergo azo coupling reaction with benzene 


diazonium chloride? NCERT Exemplar 
(а) Aniline (b) Phenol 
(c) Anisole (d) Nitrobenzene 


8. The correct name for yellow dye is 
(a) p-hydroxy azobenzene 
(b) p-amino azobenzene 
(c) o-hydroxy azobenzene 
(d) o-amino azobenzene 


Amines 


VERY SHORT ANSWER Type Questions 
9, What is a diazo group? | 
10. Diazonium salts of aromatic amines are more 


stable than those of aliphatic amines. Explain. 
NCERT 
11. Benzene diazonium salts are more stable than 
alkyl diazonium salts. Give reason. 


12. Write a short note on diazotisation. NCERT 


13. The conversion of primary aromatic amines into 
diazonium salts is known as Delhi 2014 


14. Benzene diazonium chloride is not stored and 


used immediately after its preparation. Give 
reason. 


15. Why diazonium group gets easily substituted by 
other groups? 


16. Complete the following reaction. 
CgHsN2Cl + CHgOH —> 


17, Define Gattermann reaction. 


NCERT 


18. Write a short note on coupling reaction. 


Or 
Explain the coupling reaction. Delhi 2013 C; NCERT 


SHORT ANSWER Type I Questions 


19. Complete the following reactions. 


(i) CgHsN3CI- но 


= 
(Room temperature) 


NH? 


NaNO,/HCl Boiling 
———À 


(ii) H,0/H’ All India 2018 


20, Complete the following reactions. 
(i) CgHgN2C1+HP0)+ H,O—> 


(i) HBF, 
(ii) NaNO;/Cu 
All India 2013, 2012; NCERT 


(ii) CgHsN2Cl 


SHORT ANSWER Type II Questions 


21. Identify A, B and Cin the following reactions: 


KCN H,/Ni _ CH3COCI/Base 
i NM gee аф 
(0'снсња АП India 2017 С 


HBF, , NaNO2/Cu A sn/HCI 
(ii) CgH3N3 uu . ш 
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22. Accomplish the following conversions. 
(i) Aniline to 2, 4, 6-tribromofluorobenzene 
(ii) Nitrobenzene to benzoic acid 
(iii) Benzene to m-bromophenol Delhi 2012; NCERT 


23. Accomplish the following conversions. 
(i) Aniline to p-bromoaniline 
(ii) Benzamide to toluene 


(iii) Aniline to benzyl alcohol Delhi 2012; NCERT 


24. Give the structures of A, B and Cin the following 
reactions. 


+ + NH 

i —> A >> B—- 

() cg Nar SN 4407 p NHS, с 

(ii) CH; NO, -59+ HCL, д NaNO, < HA p HO/H, с. 


NCERT; Delhi 2014, 2013 
25. Convert 


(i) 3-methyl aniline into 3-nitrotoluene. 
(ii) aniline into 1, 3, 5-tribromobenzene. 


NCERT Intext 
26. Write the major product(s) in the following 
reactions. 
(i) Сон —No, ESY 
(ii) № СГ 
CwCh/HC 
All India 2016 
u Br,/KOH(aq.) 
(iii) СНЗСОМН, ————» ? Delhi 2016 C 


27. Write the structures of compounds А,В and C in 
the following reactions. 


NH3/A 


. Вг,/ KOH(aq) 
ü Hs -cogN-— 4 — 


CHCl, «alc. KOH е 
—————— 


NaNO,/Cu 
(ii) CgHgN3BF; D cA В 


CH4COCI/ pyridine 


› С 
All India 2017 
28. Write the products A and B in the following. 
NO, 
(i) Su/HCI A CHCl; + aq. NaOH 
COOH 
(ii) c a HE s 


M - CI; /FeCl 
(ii) Ces No Cr. SS д REESE p 


All India 2016 C 
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29. Give the structures of A, B and C in the following 


reactions. 
273K % 
H,0/H" ‚с 
Ее/ на HNO " 
(ii) GQHsNO, S 4. 7772, 
273K 
H sOH 
CeHsOH i NCERT 


ЗО. Give one chemical test to distinguish between 
the following pairs of compounds. 
(i) Methylamine and dimethylamine 
(ii) Secondary and tertiary amines 


(iii) Ethylamine and aniline 
NCERT; All India 2012, 2011 


LONG ANSWER Type Questions ` 


31. Ahydrocarbon ‘A’ (C4Hg) on reaction with НСІ 
gives a compound ‘B’ (C4H8CI), which on 
reaction with 1 mole of NH3 gives compound ‘C’ 
(C4H);N). On reacting with NaNO, and НСІ 
followed by the treatment with water, compound 
‘C’ yields an optically active alcohol, ‘D’. 
Ozonolysis of ‘A’ gives 2 moles of acetaldehyde. 
Identify compounds ‘A’ to ‘D’. Explain the 
reactions involved. 


32. An aromatic compound ‘4’ of molecular formula 
C7H7ON undergoes a series of reactions as 
shown below. 


Write the structures of A, B, C Dand E in the 
following reactions. 
D 
fenci + NaOH 
(C;H;ON) 222*°%, (у H.NH; 
А | NaNO, + НСІ В CH3CH;0H C 


273K 
|к 


Е Delhi 2015 


33. (i) Write the structures of main products when 
| benzene diazonium chloride reacts with the 
following reagents : 
(a) НзРО) + H20 (b) CuCN/KCN (с) H0 
(ii) Arrange the following in the increasing order 
of their basic character in an aqueous 
solution: 
C2H5 МН, (С2н52 NH, (C2H5)3 N 
(iii) Give a simple chemical test to distinguish 
between the following pair of compounds: 
CgHs— NH and CgHs —NH— СНз 
All India 2015 


34. (a) Write the reactions involved in the following: 
'' (i) Hofmann bromamide degradation reaction 
(ii) Diazotisation CBSE 2018 
(iii) Gabriel phthalimide synthesis | 
(b) Give reasons: 
(i) (СНз) NH is more basic than (CH3)3N in an 
aqueous solution. 
(ii) Aromatic diazonium salts are more stable 
than aliphatic diazonium salts. 
Or 
(a) Write the structures of the main products of 
the following reactions: . 
NH, 


(CH4CO),0 
Pyridine 


+ 


ӨР (с 
© CY -cucuon 


(b) Give a simple chemical test to distinguish 
between aniline and N, N -dimethylaniline. 

(c) Arrange the following in the increasing order 
of their pK, values: С6Н5М№Н,, C9HSNH», 
CgHs;NHCH3 


(a). 


HINTS AND EXPLANATIONS 


1. (b) Primary aromatic amines form arene diazonium salts 
which are stable for a short time in solution at low 
temperatures (273-278 K). 


2. (c) The stability of arenediazonium ion is explained on 
the basis of resonance as below. 


2E 9 g à 
өм=м№: 9$N—N: өм: Өм; 
@ @ 
, ® 
№№: 


w 


+ (b) Chlorine or bromine can be introduced in the 
benzene ring by treating the diazonium salt solution 
with corresponding halogen acid in the presence of 
copper powder. This is referred as Gattermann reaction. 
(a) Benzene diazonium chloride when reacts with 
hypophosphorus acid produces benzene. 


N=NCI 


4 


к | 
SO, CH, Nj + HjPO, + HCI 
Benzene 


Benzene 
diazonium salt 


u 


(a) CH4CH;OH can be used for converting benzene 
diazonium chloride into benzene 


N=NCl 


SERRE’ CH, + Nef + CH,CHO + HCI 


= 


+ ке 
(b) The intermediate ‘X’ is СН, N2 BF, 


HBF - 
=н? GNE, "=, CHNO, + Nf 
+ NaBP, 


(d) Nitrobenzene will not undergo azo coupling reaction 
with benzene diazonium chloride while other three 
undergo diazo coupling reaction very easily. Diazonium 
cation is a weak Е” and hence reacts with electron rich 
compounds containing electron donating groups i.e. 
—OH,— NH; and — ОСН, groups and not with 
compounds containing electron withdrawing group, 
ie. NO, etc. 
* (b) The correct name for yellow dye is p-amino 
azobenzene. It is formed by the reaction between 
diazonium salt and aniline. 


ч 
е 


+ + 
10. Diazonium salts of aromatic amines are more stable than 
those of aliphatic amines due to the delocalisation of the 


positive charge on the benzene ring as shown below by 
the resonating structures. 


11. Due to the dispersal of positive charge over benzene ring. 


12. The conversion of primary aromatic amines into their 
diazonium salts is called diazotisation. 


13; The conversion of primary aromatic amines into 
diazonium salts is known as diazotisation. 


14. | Benzene diazonium chloride is unstable or stable for a 
very short time in a solution at low temperature. Due to 


its unstability, it is used immediately after its 
preparation. 


15. Because it is good leaving group. 
16. C; HSN;CH« CHOH — Сн, + 

| CH;CHO+N,f + HCI 
? C HsCL« М, CuCl 


Coupling reaction is the reaction of benzene diazonium 
chloride with phenol in which phenol molecule at its 
para-position is coupled with diazonium salt. 


17. Cf ct НС 
18. 


1 


о 


Л H,O 
(0 CHN CIE CHOH + м, f + на 
temperature Phenol 


NH, N2NC 
—————À 


213-278 K 


(ii) NaNOJ/HCI 


Boiling, 11,0/H" 
- 


e 
С 


20. Refer to text on page 387, 
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H;/Ni 
21. (i) CH,CH;CI E, Cu, CH, CN —— 


A 


CH,COCI/Base CH4CH, NHCOCH, 
C 


CH; CH, NH, 
B 


_ NaNO,/Cu, 
Gi) с,нумус1- - НЕС, He NGBE; IE 
A $ 


1 
C,HgNO, 39,0 Hs NH, 


B C 


+ = 
N=NCl 


Br 
22. (i) вно, e MEN 
n A K 
Br 


2, 4, 6-tribromo 
benzene diazonium 
chloride 


2, 4, 6- ere ine 


( .Fe/HCl, | NaNO, нр «HCl: 
ii) 273-278 —273-278К ” 


Nitrobenzene і Benzenediazonium 
; chloride 


D sd 
“Hydrolysis 


ogre Benzoic acid, 


Conc. HNO; 
+ Conc. H,SO, 


333 K, 


" Br; /FeBr; , 
(iii) тегу 


Benzene Nitrobenzene 


SAME о, 
(Reduction) 
Br 


m- “bromonitrobenene ibromoaniline 
* - 
N,Cl 


NaNO, /НСІ „Polig 


273-278 K py Dil H;50, H,SO, o 


еек 


NH NHCOCH; 
2 
(CH,CO),0/ 
———— 
i romination 
23. (i) Acetylation (В ) 
Aniline ' Acetanilide 
NHCOCH; NH, 
H,0/OH 
Br Br 
p-bromoacetanilide p-bromoaniline 
(Major product) 
CONH, NH; 
NaNO, « HCl 
___Br,/NaOH, 4 , A 273-278 K 
————À 
(ii) (Hofmann irata besa: (Diazotisation) 
Benzamide reactidn) Aniline 
Nd - ts T CH; 
‘HPQ н сме; н;О/Си, А CHCI + Anhy ACh, | + Anhy AICI, 
“i нды” (Friedel- (riddel-Crafts alk lation) alkylation) 
Benzene ^ Benzene Toluene 
diazonium 
chloride 
N „Cl 
(i A i) NaN Eug. aes ‚О 
"m 273-278 UNGENSK C 
Aniline Benzene diazonium » 
chloride 
Т9 СН;С1 CH,OH 
CHCl Cl,/hv KOH (aq) 
Anhy АС, 383 K Hydrolysis 
Toluene Benzyl chloride Benzyl alcohol 


3 
24. (i) CoH NCI OEN, c Hien E0785 


Benzonitrile 
(A) 


сен;соон NES, Сн;сомн; 
Benzoic acid Benzamide 
(В) (С) 
(ii) C,HSNO, _Sn+HCl . C,H,NH, 
Nitrobenzene Aniline OH 
(A) | 


NaNO, + НСІ о ні 
273K ^ CeHNz Cl” — 
Benzene : 
zonium Phenol 
chloride ў (C) : 
(B) i 


gyri 
CH; CH, 
15. NaNOo/HBF, 
273-275 К 
(i) NH, (Diazotisation) T _ 
4-methyl aniline =NB F, 
СН, 
NaNO, [Cu 
D 


3-nitrotoluene : 


МН; МН; . 
Br Br 
(ii) + 3Br, "Ho? NaNO,/HCI 
Aniline 
B 


I 
2,4,6-tribromo aniline 
МСГ 


Br Bre Ny Br 
_ у 
HPO; +H,0 
Br Br 


1,3,5-tribromobenzene 


Ѕл/НСІ 
26. (i) CgH;— NO, —— Cds: NH, 
Aniline 


NC. d 
(i) 4 Си;С/нС Ô +N; 
Chlorobenzene , 


Br, /KOH(@9) ' 
КОН, CH, NH; + KCO; 
+ 2KBr + 290 
Br, /KOH (aq) 
ХНА снусомн,————— 9 


27, (i) CH,COOH — 
-Н;0 Acetamide (A) 


(iii) CH,CONH; 


Acetic acid cl. + ale, KOH 
CHC], + alc. NC 
CH,NH; CH; 
: Methyl isocyanide 
лена 


| - 2 NaN0;/CoÀ c, Н; NO 

ii —— d 

(ii) CgHsN2BFy 2м, №88 Nitrobenzene Reduction 
A) 


cH,cocl/pyridine_, c H; NHCOCH; 


CH5NH? -HCI Acetanilide 
ae P (С) 
NC 
NO, NH, 
CHCl* 99: NaOH 
28, () Sr/HCl Ó снаа 
(В 


(А) 
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Nitrobenzene 
(A) 


Cl * _ H,0/H* 
‚ NaNO; + HC, C; H;N=NCI TÁC, H0H 
273K ^  Benzenediazonium ` 
chloride (C ) 
(B) 
Fe/HCl HNO: 
(ii) CHNO; кш Cg HNH— —9 
Aniline 273K 
a) 
- _ C,H,OH 
QHe-N—NC Coupling ection 
Benzene diazonium chlori pre 
(B) 


QD 


p-hydroxy azobenzene 
(C) 

30, (i) Carbylamine test Methylamine is a primary 
amine, therefore it gives carbylamine test. When 
heated with an alcoholic solution of KOH and 
СНСІ», it gives offensive smell of methyl 
isocyanide. Since, dimethylamine is a secondary 
amine hence, it does not give this test. 

For reaction, refer to text on page 372. 
CHCI,/ KOH(alc.) 
_ (CH4); NH ——————— No reaction 
; ; 4 
Dimethylamine 
(2° amine) 
(ii) They can be distinguished by Liebermann 
nitrosoamine test. 
Secondary (2°) amines on treatment with HNO}, 
give yellow coloured oily N-nitrosoamines, 


(CHyCH,),NH +HO—N=0—> 
Diethylamine Nitrous acid 
(2°umine) (CH4CH;N—N = 0+H,0 
N-nitrosodiethylamine 
(Yellow colour) 


N-nitrosodiethylamine, on warming with a crystal 
of phenol and conc. Н;504, gives a green solution 
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which when made alkaline with aqueous NaOH turns 
deep blue and then red on dilution, 


Tertiary amines do not give this test, 

(iii) Ethylamine (CH4CH;NH,) is a primary aliphatic amine 
While aniline (CCH.NH,) is а primary aromatic amine. 
With the reaction of nitrous acid (HNO,) 


Ethylamine gives a brisk effervescence of №, gas with . 


the formation of alcohol. 


CH3CH,NH)+ HONO —— NaNO 


CH3CH,0H +N, f + Н,О 
Ethanol 
Whereas, aniline gives benzene diazonium chloride 
which on treatment with alkaline solution of B-naphthol 
(2-naphthol) gives an orange dye (azo dye test). 


NH; + HONO + НСІ 


273-278 K + _ 
cue N,CI + 2H,0 


Benzene diazonium chloride 


OH 


2+ 
$i 
i 


A 

Benzene 9 

diazonium z 
chloride я 2-naphthol ОН 


(Qo B) 
1-phenyl azo-2-naphthol ©) 


(Orange dye) 
31. (i) Addition of HCl to compound ‘A’ shows that compound 
‘A’ is alkene because compound 'B' is C,H,Cl. 
(ii) Compound ‘B’ reacts with NH, to form amine' C'. 


HCl NH, NH 
СН» — 5 C4HoC1—> C,H,,Nor C4H9NH; 
A B С 


(iii) ‘C’ gives diazonium salt with NaNO, / НСІ, which yields 
an optically active alcohol. So, ‘C’ is an aliphatic amine. 

(iv) ‘A’ on ozonolysis produces 2 moles of CH4CHO. So, ‘A’ 
is CH4—CH —CH — CH, (but-2-ene). 

Therefore, overall reaction sequence looks like 


(i) CH,— CH = CH— CH; EN m 
But-2- ene 
(A) (C4H,) 4 3 2 ! 


CH,;—CH, — [е8 


СІ 
dai 


(C4H,Cl) 
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Cl 


NH, 
ш) СНз ee bus жы 
- ого 
ы “Не тү Нче, 


NH, 
2 - aminobutane 
(C 
(C,H, N) 
(i) NaNO; / HC] 
- буз —CH4 —————___, 
(iii) CH4— СН; а 3 (ii) H20 
NH; 


2- aminobutane 


 Butan-2-ol 
(D) e 
(Optically active) 
(iv) CH9—CH —=CH—CH; + Оз —> 


XAY Zn + CH;COOH 
Ae cH : CH4CHO 
l Ji Ó * CH4CHO 
"Ozonide 
32. Р 
(D) 


CHCl, + NaOH Carbylamine reactions 
NH, NH, N;Cl 


О 
| 
с— 
© Br; + KOH, 
(Hofmann 
(4) 


bromamide Aniline 


NaNO, + НСІ (273 К) 
— eS 


Diazotisation 


(Benzene diazonium 
reaction) ^ chloride) I 


oe (B) 
Oem 
Benzene (Е) 
33. (i) 
N=NC1 
(a) + HPO, +H,0 —> + HPO; 
» Benzene 
рү 4 HCl 4 NT 
chloride 


| amines 
ee 
NesNCI- SUCNKC 
| (b) эше CN + N, 
Teaction 
| M oii Benzonitrile 
I chloride 
| + 
N=NCI OH 
> 278K 
(С) +H0 ——~, +N, ^+ HCl 
romana - Phenol | 
chloride 


(ii) The relative basic strength of C;H;NH 
(C2H5)2 NH and (C;H;);N depends рор the 
stabilisation of their corresponding conjugate 
acids formed as a result of accepting a proton 
from water by a number of factors such as 
H-bonding, steric hindrance created by the alkyl 
groups and + I-effect of the alkyl groups. All 
these factors are favourable for 2° amines, 
therefore, (С:Н;);М№Н is a stronger base than 
C2H5NH, and (C;H;)4N. Since, (C;H;), group is 

` large, it exerts some steric hindrance to H-bond. 
Thus, (C;H5)5N is more basic than С,Н;МН,. 
Hence, the overall basic strength of the three 
amines in aqueous medium increases in the order 
: C;H5NH, < C;H5)4N «(C;H5); NH 

. (iii) The given amines are primary and secondary 

aromatic amines. In order to distinguish between 
primary and secondary amine, the amine is 
shaken with benzene sulphonyl chloride 
(Hinsberg’s reagent) in the presence of excess of 
aqueous KOH solution. A primary amine gives a 
clear solution which on acidification gives an 
insoluble N-alkyl benzene sulphonamide. 


| | 
{_у—$—а+н——св; 
| 1° атїпе 
«ине, 
sulphony. 
chloride o H 


Potassium salt 
(Soluble in KOH) 
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|| 
ше $ N — CH; 
-KCI | 
О Д 
N-benzylbenzene sulphonamide 
i (Insoluble in HCI) 


A secondary amine gives ап insoluble N, N-dialky! benzene 
sulphonamide which remains unaffected on addition of acid. 


I | 
{_у—з—к—са, +KCI+ H,O 
| 


О 
N-benzyl-N-methyl benzene sulphonamide 
(Insoluble in KOH) 


34. (a)(i) Hofmann Bromamide Degradation Reaction 


This reaction is used for preparing amine 
containing one carbon less than the starting amide. 
This method was developed for the preparation of 
primary amines by reacting an amide with Br, / Cl, 
in NaOH/KOH. In this reaction, migration of an 
alkyl or aryl group takes place from carbonyl 
carbon of the amide to the N-atom. 


О 


R—C—NH, + Вг, + 4NaOH — 
R—NH, + NaCO; +2NaBr +2H,0 


e.g. CHCH, CONH, +Br T4NaOH — 
Amide 
3CH4CH;NH,-4 Na,CO, + 2NaBr+ 2H,0 
Amine 
(ii) Diazotisation The conversion of primary 
aromatic amines into their diazonium salts is called 
diazotisation. 
` Benzene diazonium chloride is prepared by the 

reaction of aniline with nitrous acid (which is 
produced by the reaction of NaNO. and HCl) at 
273-278 К or 0-5'C as shown below: 


CíHSNH; +NaNO, + 2HCL 2225, 


T" 
Сен Ng Cl + NaCl + 2H50 
Due to its unstability, the diazonium salt is not 
generally stored and is used immediately after its 
preparation. 

(iii) Gabriel Phthalimide Synthesis When a phthalimide ` 
is treated with ethanolic KOH, it forms potassium salt 
of phthalimide which on heating with alkyl halide 
followed by alkaline hydrolysis forms corresponding 
primary amines as shown below. 
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co co. 
NH + KOH (alc) ——, NK’ 
-H,0 
со co 
Phthalimide Potassium phthalimide 
| R—X 
СОбїча` кх 
+ R—NH, | NaOH(ag) со 
l'amine = <a б, wer 
_ Y amin (Hyd) ? 
COONa co 
N-alkyl phthalimide 


Primary amines are produce through this method 
without the traces of secondary or tertiary 
amines. So, this method is preferred for the 
synthesis of primary amines. 

(b) (i) Basic strength of (CH3), NH and (CH3), N 
depends upon the stabilisation of their conjugate 
acids by a number of factors such as H-bonding, 
steric hindrance of alkyl groups and +I-effect of 
alkyl groups. 

The first two factors are favourable for 2° amines, 
hence (CH3)2NH is a stronger base than (CH3)3N 
in aqueous medium. 

(ii) Diazonium salts of aromatic amines are more 
stable than those of aliphatic amines due to the 
delocalisation of the positive charge on the 
benzene ring as shown below by the resonating 


structures. 
ө Ө 
e (СУ e ee Ф ee 
м==м: N=N: N=N: 
® 
< <— 
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(a) 
NH; 
y (CH,CO)0 
(i) . Pyridine @ 
1 ^ | 
сн, 
T" (CH, NH S = 
n 
(ii) Е —— I “сн, 
О 

КАК е: И. 

(iii) CY кш... Q + CH,CHO + N,« HCl 


(b) Aniline and №, N-dimethyl aniline can be | 
distinguished using reaction with nitrous acid. 
Aniline is primary aromatic amine, it reacts with 
nitrous acid at low temperature forming arene 
diazonium salt. 


+ 
NH, N=NCl 


273-278K 
+HNO, «HCl. ——— + 29,0 


Benzene diazonium chloride 


N, N-dimethylamine is tertiary aromatic amine, it 
reacts with nitrous acid to form green coloured 
p-nitrosoamine. 


CHIN + HNO, — 
сн, 
CH3~ 
N N=0 + H,O 
CH, 4M i 


Increasing order of pK, value is 
C6H5NH3 > С,Н;МНСН; > C;H5NH; 
With pK, values in the order 9.38 > 9.30 > 3.29 
' respectively. Aliphatic amines are more basic than 
aromatic amines because in aromatic amine the lone 
pair is delocalised due to resonance and hence, it is 
not available for donation. 


(c 


— 


SUMMARY 


» Amines are formed by the replacement of H of ammonia by 


* Amines are classified as : 1° amine (RNH,), 2° amine (В5МН) 
and 3° amine (RN) ; 


» Methods of preparation of amines are 


Raney Ni /Pt 
(i) Reduction of — -МО;, ген NO, 


— Nh, . 
Metal. + acid .: 1, 1 


(ii) eduction, ot —CN or —CONH, 


ON Rc CHANH; or —CONH, ^" 
(iii) Hofmann Bromamide Reaction 

— CONH, m - NH, 
(iv) Hofmann AL ipte 


NH; Р RNH, (1°) 


в 
RN < р, NH 
(39 (29 
(у) Gabriel- Phthalimide Reaction 


Phthalimide IM K salt of phthalimide * 


dec 


tamine (aliphatic) Cem, N-alkyl phthalimide 
* Their solubility decreases but boiling point i increases with | 
increase in molecular mass. 
* The order of bp is 1°>2°> 3° amines. 
* The order of basicity 
(i) In gaseous. state is 3° amine > о > р 
(ii) In aqueous solution is 
2°amine > 3°amine > t^ amine > NH3. If R=C 
and 2?» 1» 3°>NH, if R= =CHs. 
* The chemical reactions of amines are 


үү пө. 


Hs 


R—N e m 
H O 
Substituted amide 
балалк R—NC 


reaction 


СеН:80 2С! 
Hinsberg's 


N-alkylbenzene sulphonamide 
feagent 


(soluble in alkali) ^. 


N,N-dialkylbenzene 
‘ sulphonamide 
(insoluble in alkali) 


| Hinsbergs 
+ |R;NH @ reagent 
CgHsSO. 


No reaction 


2,4,6-tribromoaniline 


Electrophilic 


substitution 
(Неге, В = СеН:) 


(iv) 


p-bromoaniline 
(Here, А = Ceh) т + о + p-nitroaniline 
"SO. um) uo (51%) 
* The formula of diazonium salts is Co HEN—NCCIE. 
* Itis prepared as follows : 


HNO> 
CoH, — NH; TE аг NaNO; Сен; Ncr 
T'amine oc Diazonium 
(aromatic) salt 


* They are colourless, unstable, solu 


bi in water and neutral to 
litmus. 


The chemical reactions of amines are 


CuCl/HCI 


(Sandmeyers Сенс 
reaction) 
Gattermann reaction Сең; 
KI CH 
C; HF 
H3PO» + НО сњ 
C;H&,OH 


Phenol 
(Coupling reaction) p hydroxy azobenzene 


(Orange dye) 


Aniline | 
p-amino azobenzene 
(Coupling feaction) 


(Yellow dye) 


СНАРТЕК 
PRACTICE 


OBJECTIVE Type Questions 
CH, 


| 
1 S а. їза 


CH; 
(a) primary amine (b) secondary amine 
(c) tertiary amine (d) None of these 
2 Inthe reaction GH,CONH, "КОН, Major 
A 
product A is 
(a) C,H, (b) C,H,CHO 
(с) C,HNH, (d) C,H,COOKI 
3 Out of the following which one react with 
NaNO, + HCl to form alcohol 
(a) C,H;NHCH, . (b) (СН;), NH 
(c) CH,NH, (d) C,H,NH, 


4 Which ofthe following group (s) increases basic 
strength of substituted aniline? 


(a) —OCH, - ' (b) —CH, 
(c) —SO,H (d). Both (a) and (b) 
5 Hofmann bromamide degradation reaction is 
shown Бу.......... 
(а) ArNH, (b) ArCONH, (с) ArNO, (d) ArCH,NH, 
CASE BASED Questions 
Case | 


(Read the passage given below and answer the following 
questions) 


Reductive alkylation is the term applied to the process of 
introducing alkyl groups into ammonia or a primary or 
secondary amine by means of an aldehyde or ketone in the 
presence of a reducing agent. The present discussion is 
limited to those reductive alkylations in which the reducing 
agent is hydrogen and a catalyst or “nascent” hydrogen, 
usually from a metalacid combination; most of these 
reductive alkylations have been carried out with hydrogen 
and a catalyst. 


The principal variation excluded is that in which the 
reducing agent is formic acid or one of its derivatives; 
this modification is known as the Leuckart reaction. 
The process of reductive alkylation of ammonia consists 
in the addition of ammonia to a carbonyl compound 
and reduction of the addition compound or its 
dehydration product. 

The reaction usually is carried out in ethanol solution 


when the reduction is to be effected catalytically 


2(H) 
RCHO + NH, == RCHOHNH, ——^ RCH,NH, 


2[H] 
RCH— NH 


Since the primary amine is formed in the presence of 
the aldehyde it may react in the same way as ammonia, 
yielding an addition compound, a Schiff's base 
(KCH—NCH, A) and finally, a secondary amine. 
Similarly, the primary amine may react with the imine, 
forming an addition product which also is reduced to a 
secondary amine Finally, the secondary amine may react 
with either the aldehyde or the imine to give products 
which are reduced to tertiary amines. 


RCH—NH + RCH,NH,—= RCHNHCH,R 


NH, 
2[H] 
——э (RCH,),NH « NH; 
(RCH, , NH + RCHO == (RCH, ),NCHR 
OH 
2|H] 
> (RCH,);N «H0 
(RCH, М + АСН = МН «== (RCH,),NCHR 


NH, 
AU (RCH,),;N * NH, 


Similar reactions may occur when the carbonyl 
compound employed is a ketone. CBSE Question Bank 


Amines 


6 Ethanal on reaction with ammonia forms an 
imine (X) which on reaction with nascent 
hydrogen gives (Y). Identify ‘X’ апа у’. 

(a) X isCH,CH-NHandY is CH;NH, 

(b) X is CH; CHOHNH, andY i; CH,CH,NH, 
(О X is CH,CHOHNH, and Y is CH,NH, 

(d) X is CH; CH=NH andY is CH,CH;NH, 

7 Acetaldehyde is reacted with ammonia followed 
by reduction in presence of hydrogen as a 
catalyst. The primary amine so formed further 
reacts with acetaldehyde. The Schiff’ 
formed during the reaction is 
(a)CH,CH=NHCH, () CH,CH=NHCH,CH, 

(c) CH; —NHCH,CH, (d) CH,CH,CH=NHCH, 

8 The reaction of ammonia and its derivatives with 
aldehydes is called 
(а) nucleophilic substitution reaction: 

(b) electrophilic substitution reaction 
(c) nucleophilic addition reaction 
(d) electrophilic addition reaction 


s base 


9 (CH,CH,CH,),NH+ CH4CH,CHO —, P ke 
The compound Qis 
(a) (CH;CH,CH, hN 
(b) (CH;CH,CH, ),N(CH,CH,) 
(c)(CH,CH,),N 
(d) (CH,CH,),NH 


Or Reductive alkylation of ammonia by means of an 


aldehyde in presence of hydrogen as reducing 
agents results in formation of 

(a) primary amines 

(b) secondary amines 

(c) tertiary amines 

(d) mixture of all three amines 


Case [| 


Reduction of carboxylic acids and their derivatives plays 
an important role in organic synthesis, in both laboratory 
and industrial processes. Traditionally, the reduction is 
performed using stoichiometric amounts of hydride 
reagents, generating stoichiometric amounts of waste, 


A much more attractive, atom-economical approach is a 
catalytic reaction using H,; however, hydrogenation of 
carboxylic acid derivatives under mild conditions is a very 
allenging task, with amides presenting the highest 
enge among all classes of carbonyl compounds. 
Very few examples of the important hydrogenation of 
amides to amines, in which the C—O bond is cleaved 
with the liberation of water (Scheme 1), were reported. 
cleavage of amides can also be affected with silanes 
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as reducing agents. In addition, the interesting 
hydrogenation of cyclic N-acylcarbamates and -— 
Масу палае, which involves cleavage of the 


bond, but does not form amines, was recently reported by 
Ikariya. 


On the other hand, to the best of our knowledge, | 
selective, direct hydrogenation of amides to form amines 
and alcohols has not been reported. Amines and alcohols 
are used extensively in the chemical, pharmaceutical, and 
agrochemical industries. Design of such a reaction is 
conceptually challenging, since the first mechanistic step 
in amide hydrogenation is expected to be H, addition to 
the carbonyl group to form a very unstable hemiaminal 
which, in the case of primary or secondary amides, 
spontaneously liberates water to form an imine; further 
hydrogenation of the imine then leads to amine formation 
(Scheme 1). This is the basis of the amide hydrogenation 
mentioned above. For amine and alcohol formation, 
cleavage of the C—N bond in preference to the C—O 
bond would be required. CBSE Question Bank 


Scheme 1. General Scheme for Hydrogenation of Amides 


C—O cleavage. О C—N cleavage 
R В’ 
EO WEM NS ovi 
H 2 


—— э R-NH,+R’ 


4 d 
HO, „H 
Awe д «920, rt В, К = alkyl aryl 
H 


(Figure 1) efficiently catalyses the dehydrogenative 
coupling of alcohols to form esters, the hydrogenation of 
esters to alcohols under mild conditions and the novel 
coupling of alcohols and amines to form amides and H,. 
The dearomatised PNP com 
for the dehydrogenative cou 


to form imines. Complex 1 is also effective in N—H 


activation and in the unique light-induced splitting of 
water to hydrogen and oxygen. 


plex 2 is-an efficient catalyst 
pling of alcohols and amines 


Dearomatized Ru-pincer complex 
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We have now prepared the new, dearomatised, 
bipyridine-based pincer complex 3. Remarkably, 

3 efficiently catalyses the selective hydrogenation of amides 
to form amines and alcohols (Eq 1). 

The reaction proceeds under mild pressure and neutral 
conditions, with no additives being required. Since, the 
reaction proceeds well under anhydrous conditions, 
hydrolytic cleavage of the amide is not involved in this 
process. 


О 
Pas Cat. 3 (1 moi) Hy „Н 
N +2 Ho at. 3 (1 mol% 
H 


10 atm THF, 110°C OH 


H 
+ ЕМ. 


R = Aryl and alkyl and R’ = Aryl, alkyl апа aryalkyl 

Direct Hydrogenation of Amides to Alcohols and Amines 
under Mild Conditions 

In the following questions, a statement of assertion followed 
by a statement of reason is given. 

Choose the correct answer out of the following choices on the 


basis of the above passage. 
(a) Assertion and reason both are correct statements and 
reason is correct explanation for assertion. 
(b) Assertion and reason both are correct statements but 
reason is not correct explanation for assertion. 
(c) Assertion is correct statement but reason is wrong 


statement. 
(d) Assertion is wrong statement but reason is correct 


statement. 
10 Assertion The use of catalyst З is an efficient 
method of preparation of primary amines 
Reason Use of catalyst 3 is a step down reaction. 
11 Assertion Use of hydride catalyst or hydrogen 
brings about cleavage of C—O bond in amides. 
Reason Hydride catalyst or hydrogen cause to 
reduction of amides. 
12, Assertion N-methyl ethanamide on reaction with 


catalyst 3 will yield ethanol and methanamine. 
Reason Use of catalyst 3 brings about cleavage of 


C—N bond of amides 

13 Assertion Aniline can be prepared from suitable 
amide using catalyst 3. 
Reason The use of catalyst 3 is limited to 
aliphatic amides only. 
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ASSERTION and REASON 


п Directions (Q. Nos. 14-19) Ји the following question, 
Assertion (A) is followed by a corresponding Reason (R) Use. 
the following keys to choose the appropriate answer, 
(a) Both (A) and (R) are correct, (R) is the соге 
explanation of (A). ч 

(b) Both (A) and (R) are correct, (R) is not the correc 

explanation of (A). ' 
(c) (A) is correct; (R) is incorrect. 

(d) (A) is incorrect; (R) is correct. 

14 Assertion (A) Aromatic primary amines cannot 
be prepared by Gabriel phthalimide synthesis, 
Reason (R) Aryl halides do not undergo 
electrophilic substitution with anion formed by 
phthalimide. 

15 Assertion (A) In acylation reaction of amines, 
equilibrium shifts to the right hand side in the 
presence of pyridine. 

Reason (R) Inthe presence of strong base, HCI 
is removed and reaction shifts toward the right 


hand side. 

16 Assertion (A) Aniline does not undergo 
alkylation and acetylation. 
Reason (R) Nitrogen of aniline acquires positive 
charge in the presence of AICI. 

17 Assertion (A) Benzene diazonium salts are 
soluble in water. 
Reason (R) They are covalent in nature, so they 
are soluble in water. 


18 Assertion (A) Tertiary butyl amine can be 
prepared by the action of NH;on tert-butyl 
bromide. 

Reason (R) Tertiary butyl bromide being 
3° alkylhalide prefers to undergo elimination on 
the treatment with a base. 

19 Assertion (A) Acetanilide is less basic than aniline 
Reason (R) Acetylation of aniline results in 
decrease in decrease of electron density of 
nitrogen. 

VERY SHORT ANSWER Type Questions 
20 Why does trimethylamine have an angle of 108°? 


21 Draw the structure of N, N-bis 
(1-bromo ethyl) ethanamine. 


Amines 


22 Write the IUPAC nomenclature of the compound. 
S^-NH—Me 
23 


Name the reagent that reacts with nitromethane 
to form methyl hydroxylamine. 


24 


Find out the incorrect names and correct them. 
(a) N-butylaminoethane (b) 1-amino 2-ethanol 
(c) methylaniline 


(d) propanediamine 
(e) 1-phenylaminoethane 


Give the structure of A in the following reaction: 


26 


What is the number of 1° H-atoms present in an 
amine, obtained by reduction of benzamide? 


Account for the following: 


Ammonolysis of alkyl halide does not give a 
. corresponding amine in pure state. 


27 


36 


37 


38 


39 


40 


40] 


How will you convert cyclohexane carboxamide 
to N-methyl cyclohexylamine? 


Which is the best method for preparing primary 
amines from alkyl halides, without changing the 
number of carbon atoms in the chain? Give 
mechanism. 


How will you distinguish between the following 
pairs of compounds? 


(i) Ethylamine and trimethylamine 
(ii) Aniline and N-methylaniline 
Why does aliphatic amines are more reactive 


towards hydrochloric acid as comparison to 
arylamine? 


What happens when 


(i) toluene is treated with conc. HNO; and 
conc. H,SO, at 293 К? 


(ii) nitrobenzene is treated with conc. HNO, and 
conc. Н,50, at 363 К? 


aq NaNO, 
a ral 41 СНМ © ——— —5 Y +Other products 
28 Write Ain the following sequence: (Optically active) HA "CS 
X 
Me Br. NH, — SA e 
"n (i) Identify X and Y. (ii) Is Y optically active? 

29 Reduction of nitrobenzene depends upon pH. 42 “Identity th d f the followi ЕРИ 

Cue reisat entify the product of the fo owing reaction: 

NHCOCH 

30 How can you convert an amide into amine : 

having one carbon atom less than the starting + Br//CH,COOH—, 

compound? P 
31 What happens when nitroethane is treated with 43 

LiAlH,? 


Usually, benzene diazonium salts are unstable but 
benzene diazonium fluoroborate is stable. Why? 


SHORT ANSWER Type I Questions 


44 Draw the resonating structures of benzene 
diazonium salt. 
32 (i) Tert-butylamine cannot be prepared by the 45 Aniline is di 


action of NH; on tert-butylbromide. Give 


azotised in cold and then treated with 
reason. 


iline to give a coloured product. What 
ture of this product? 


SHORT ANSWER Type IT Que 


dimethylan 


is the struc 
(ii) How is aminomethane obtained from ethanal? 


3 stions 
Account for the following : 46 n 
3 а н Electrophilic substitution i i 
(i) Amines are basic substances while amides are neutral. р bstitution in case of aromatic 
(ii) Aromatic amines are weaker bases than 


amines takes place more readily than benzene. 
aliphatic amines. 47 Complete the following reactions. 


(i) CH.CH;NH, + CHCl, + (ale.)KOH — 
(ii) CgHgNs3CI- —N2 


(Room temp) 


34 (i) Under what conditions, aniline gives p-nitro 
derivative as the major product? 
(ii) Write the IUPAC name of the product formed 


when nitrobenzene is reduced using tin and 
concentrated hydrochloric acid, 


35 Why the hydrogen atoms of the methyl group in 


o-and p-nitrotoluenes are acidic in nature while 
those of toluene are not? 


48 Why does bromination of aniline, even under very 
mild conditions, gives 2, 4, 6- tribromoaniline 


instantaneously? 
19 Identify A and Bin the following reactions. 


(i) CH; = qH — CONH, Brz, NaOH 
CH3 


ANS, g 


ANSWERS 


1. (а) 2.(c) 3.(0 4.(d  5.(b) 
6 (d) 
CH,CHO + NH, ——OH;N—CH—CH,; —>> 
(Ethanal) (Ammonia) ws 
(Imine) (X) 


+2(H) 


CH4CH;NH; 
(Y) 
(Ethanamine) 


7 (b 
( ) CH,CHO + NH; — —ÀHjN — CH—CH;, =н? 
2 


он 
HN = CH— CH, 
Imine 


CH,CH,NH, E "im 
Amine 
[roue 
H;C —CHjN—CH —CH; + H,O 
(Schiffs base) 


8 (c) The reaction of ammonia and its derivatives 
with aldehydes is called nucleophilic addition 
reaction. 

Complete reaction is as follows 


© = OH 
| + NH,—H | + не | 
— 
N 
^ Neg, n^ | "cu, u^ | CH; 
NH; н, 


9 (а) (сн,сн,сн,),мн + CH,CH,CHO—> 


(CH,CH,CH,),N—CHCH,CH, 
(P) 


(CH,CH,CH,), N + HO 
(Q) 
Or (a) Reductive alkylation of ammonia by means of an 


aldehyde in presence of hydrogen as reducing agent 
result in formation of primary amine. 


OH HN=CH—CH,; 
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3+ HNO 
(ii) Cs5H;NO2 Bta /Fe y A — B 


А + ШАІН 
(iit) CH,cCN 99, д —— В 


50 (i) What are coupling reactions? How does the 


electrophilic substitution reaction take place 


during this reaction? 
(ii) List some important applications of diazonium 


salts. 


йа 
CH,CHO + NH;———> CH;CH — NH; ^5? 
CH, — CH — NH 
[+200 
CH;CH,NH, 
(Primary amine) 


10 (b) Catalyst 3 is bipyridine-based pincer complex-3. It 
efficiently catalyses the selective hydrogenation of 
amides to form amines. 

It is a step down reaction because the amine formed 
contains one carbon less than that present in the amide, 

11 (b) Use of hydride catalyst is also known as 
hydrogenation. 

Hydrogenation can be used to reduce amides to amines; 
however, the process often requires high Pressure (197 
atm) and temperature (200°C). 

12 (a) When we use catalyst 3, it cleaved C—N bond of 
amides. So, N-methyl ethanamide on reaction with 
catalyst 3 will yield ethanol and methanamine. 


О 
йы чыры, Catalyst 3 
H 


CH34CH5;0H + CH43NH; 
(Ethanol  (Methanamine) 


13 (с) Aniline can be prepared from suitable amide using 


catalyst 3. 
lie 
HN сн, NH, 
Catalyst 3 
(Acetanilide) (Aniline) 


Catalyst 3 can be used for aliphatic amides as well as 
aromatic amides. 


Amines 


15 


16 


17 


18 


19 
20 


21 


22 
23 
24 


25 


26 
27 


in the reaction. 

Thus, both (A) and (R) are Correct and (R) is the 
correct. 

(a) Aniline does not unde 
(alkylation and acetylation) due to salt fo; ti i 
АІСІ,, (the Lewis acid) which ; бүз» 
this, nitrogen of anilin i 

hence, acts as a strong deactivating group for further 
aa А Thus, both (A) and (R) are correct and (R) is the 
correct. 


(c) Benzene diazonium salts are soluble in water because 


they are ionic in nature. Thus, (A) is correct and R is 
incorrect. | 


(d) Tertiary butyl amine cannot be prepared by the action 
of NH, on tert-butyl bromide. Because tert-butyl bromide 
prefer to undergo elimination rather than substitution on 
treatment with a base. The product is iso-butylene rather 
than tert-butylamine. Hence, (A) is incorrect but (R) is 
correct. 

(a) Both A and R are correct and R 
explanation of A. 


Due to the presence of unshared pair of electrons, the 
angle C— N — C is less {һап 109.5° 


is the correct 


Br 

lu — CH, 

N —CH,CH, 
CH — CH; 

Br 
N-methylpropene 


Reducing agent, Fe, Sn/HCl 

(a) N-ethylbutanamine (b) 2-amino ethanol 

(с) 2-aminotoluene , (е) 1-phenyl ethanamine , 
О 


MON j 
me 4 керы КТТ 
«X рии 
а 
| | 
Two o 


Hint Formation of quaternary ammonium salt. 
Refer to text on page 363. 
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28 Me~~\NH, 


29 Aromatic nitro compounds can be reduced to variety of 
products. 
C,H,NO, 95 C,H,NO —À C,H,NHOH—9» C,H,NH, 


The nature of final product of reduction depends on the 
pH of the reducing medium. 


.30 By Hofmann bromamide degradation 


31 C,H,NO, —““* ,c HNH, 


32 (i) tert-butyl bromide, being a 3° alkyl halide, on 
treatment with a base (i.e. NH,) prefers to undergo 
elimination rather than substitution. Therefore, the 
product is isobutylene rather than tert-butylamine. 


Йй K 
NH. 
CH; PUR BI eos CH; pues 
CH, (Substitution) CH, 
tert-butyl bromide tert-butylamine 
н, Н Гы 
*NH, 
CH; C—— Br => CH; —C=NH, 
(V ана 
" CH, (Elimination) ' Isobutylene 
tert-butyl bromide 
(ii) K,Cr,0,/H,S0 soc, 
CH,CHO-——"7 3 CH4COOH ——› CH4COCI 
(Ethanal) [0] (Ethanoic (Ethanoyl 
acid) chloride) 
NH, 
(Excess) 
Br /KOH 
oni, RE om 
bromamide (Œthanamide) 
reaction) 


33 (i) Amines are basic because in amines lone pair of 
electrons on nitrogen is free to act as base. 


H R R 
each al 

H H R 

(1) (2) (3) 


But in amides, the lone pair оп nitrogen is involved 
"' . д conjugation with adjacent carbonyl group. Now, 

it is no longer in condition to donate its lone pair 

of electrons to act as а base, This is the reason it is 


neutral. 
"S T | 
— Rv + 
| С н=с p 
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(ii) Refer to text on page 371. 
34 (i) Refer to text on pages 373 and 374. 
(ii) Hint Benzenamine. 


35 Hint Due to the presence of electron withdrawing group 
in o-and p- nitro toluene. 


s | 207 
C—NH, NH; H—N—CH,Cl 
+ 
Br,/KOH 
CH,Cl 
lati 
Cyclohexane уна 
carbonamide -HCI 
H—N—CH, 


. N-methyl cyclohexylamine 
37 Hint Gabriel phthalamide. 
38 (i) Hint 1° and 3° amine. Refer to text on page 372. 
(i) Refer to Solution 38 (ii) on page 381. 


ee + 
39 Hint R—NH, - H—X <= R—NH,X^ 


NO; 
Conc. HNO, є, 
Conc. Н,50, 
Tol 293K 
ouene -nitrotoluene 
NO; ° " Minor) 
p-nitrotoluene 
(Major) 
(ii) NO, 


CH; CH; 
NO, : 
Conc, HNO, 2 ; 
Conc. H,SO, 
Nitrobenzene m | 
NO, 
41 Since (X) gives N, gas on treatment with NaNO;/HCIl, 
therefore it must be a primary amine. 
Further, since X is optically active, therefore, it possess 
chiral structure. 


Now, NH, group cannot be directly attached to the chiral 
carbon because such amines readily undergoes 
, racemisation due to inversion at N-atom. 


Therefore, the probable structure of X is 
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CH; —CH; ru ja — CH;— NH; 


CH; 


2-methyl butanamine (X) 
(optically active) 


To determine the structure of 3? alcohol (Y) 
CH; 


+ 

и | 
3'carbocation í H 
(more stable) 


' I'carbocation 
| iy (less stable) 
H,0 | -H* 
CH; 


CH; —CH, ns = CH; 


OH 
' 2-methyl butan-2-ol 
(Y) (optically inactive). 


a) 
42 Refer to text on page 373. 
43 Hint On the basis of resonance structure. 
44 Refer to text on page 386. 


45 Hint 2: CH, 
O-O 
“ен, 


46 Due to strong electron donating effect of the -NH, 
group, the electron density increases at the o-, р- 
positions. 

Further, when aniline is treated with Br,, the Br* attacks 


the benzene ring at o-, p-positions to form carbocation 
intermediates which are stabilised not only by the usual 
resonance of the benzene ring but also by the -NH, 
group. 
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47 (i) Refer to text on page 372. 


NO; МСГ 
(ii) Refer to text on page 372. Br Br Br Br 
| (i) 4- 3 
. (iii) Hint : COOH 
TOMTO к оа 


48 Refer to text on page 373. (iii) A=CH,COOH, B=CH,C— NH, 
49 (i) A=CH,CH(CH,) NH, 50 (i) Refer to text on page 386. 
B=CH,CH (CH,) МСГ (ii) Refer to text on page 387. 
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BIOMOLECULES | 


The most incredible aspect of a living system is that it grows, sustains 
and reproduces itself. Our living system is composed of non-living atoms 
and molecules.The study of various chemical changes taking place within 
the living system falls in the domain of biochemistry. 


All living systems are composed of various complex organic compounds 
namely carbohydrates, proteins, fats or lipids and nucleic acids. These 
organic compounds are referred to as biomolecules. Carbohydrates and 
proteins are the essential constituents of our food. In addition, some 
simple molecules like vitamins and mineral salts also play an important 
role in the functioning of organisms. 


I TOPIC 1| 
Carbohydrates 


These are primarily produced by plants and form a very large group of 
naturally occurring organic compounds. Most of them have a general 
formula, C, (HO) , and were considered as hydrates of carbon from where 
the name carbohydrate was derived, e.g. the molecular formula of glucose 
(CH,,0,) fits into the given general formula, C,(H5O),. But all the 
compounds which fit into this formula may not be classified as 
carbohydrates, e.g. acetic acid (СН,СООН). Similarly, all the carbohydrates 
do not fit into this formula, e.g. rhamnose (C,H;;O;) is a carbohydrate but 
does not fit in the formula. 


A large number of chemical reactions have shown that they contain specific 
functional groups. Thus, chemically, the carbohydrates may be defined as 
optically active polyhydroxy aldehydes or ketones or the compounds which 
produce such units on hydrolysis. Some of the carbohydrates are sweet in 
taste which are also called sugars. These constitute an important class of 
compounds like glucose, fructose, sucrose, starch, cellulose, etc., which play a 
vital role in our daily life. Carbohydrates are also known as saccharides. 


CHAPTER CHECKLIST 
• Carbohydrates 


* Proteins and Enzymes 


e Vitamins, Nucleic Acid 
and Hormones 


| ротоесиїе 


Classification of Carbohydrates 
Qn the basis of the behaviour towards hydrolysis, 


carbohydrates are broadly classified into the following 
three classes : 


monosaccharides 


simple carbohydrates which are composed of single unit 
of saccharide and cannot be hydrolysed further to give 
simpler unit of polyhydroxy aldehyde or ketone, are 
called monosaccharides. It may consist upto six carbon 
atoms. About twenty monosaccharides are known to 
occur in nature, e.g. glucose, fructose, ribose, etc. 


~ Oligosaccharides. 


Carbohydrates which give 2-10 monosaccharide units on 
hydrolysis are called oligosaccharides. They can be grouped 
further into di, tri, tetrasaccharides, etc., depending upon 
the actual number of monosaccharide units they give on 
hydrolysis. Amongst these, the most common are 
disaccharides. The two monosaccharide units obtained on 
hydrolysis of a disaccharide may be same or different, eg. 
sucrose gives one molecule each of glucose and fructose 
whereas maltose gives two molecules of glucose only. 


Polysaccharides 


Carbohydrates which give a large number of 
monosaccharide units on hydrolysis are called 
polysaccharides, e.g. starch, cellulose, glycogen, etc. These 
are not sweet in taste, therefore they are called 
non-sugars. 


On the basis of reducing activity, carbohydrates can be 
classified as follows : 


` Reducing Sugars 


Carbohydrates in which ketonic or aldehydic groups are 


‚ free and are capable of reducing Fehling’s solution ог, 


Tollen's reagent are known as reducing sugars, e.g. 
monosaccharides like glucose, fructose, ribose, etc. 


Non-reducing Sugars 


Carbohydrates in which aldehydic or ketonic group are 
bonded and are not capable of reducing Fehling's 
solution or Tollen’s reagent are called non-reducing 


sugars, e.g. disaccharides like sucrose and polysaccharides 


like starch, cellulose, glycogen, dextrins, etc. 


Classification of Monosaccharides 


On the basis of number of carbon atoms and the 
functional group present in them, monosaccharides are 
further classified as : 
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(i) Aldose If aldehyde (— CHO) group is present in 
monosaccharides, then it is called aldose, e.g, sugar 
containing 3, 4, 5 carbon atoms are aldotriose, 
aldotetrose and aldopentose, respectively. 


(ii) Ketose If monosaccharides contain keto » С= О) 


group, then it is called ketose, e.g. sugar containing 
3, 4, 5 carbon atoms are ketotriose, ketotetrose and 
ketopentose, respectively. 


Glucose 


It is an aldohexose and occurs freely as well as in 
combined form in the nature. It is present in sweet fruits 
and honey. It is also present in large quantities in ripe 
grapes. It is also known as grape sugar or dextrose. 


Preparation of Glucose 


(i) From Sucrose (Cane sugar). Glucose can be easily 
obtained in a laboratory by the hydrolysis of alcoholic 
solution of cane sugar, i.e. sucrose with dilute HCl or 
H550, at 50°С to give glucose and fructose in equal 


amounts, 
СНО 4H,0 5 СНО, +C.H,,0, 
Sucrose Glucose Fructose 
(ii) From Starch On large scale, glucose is obtained by 
the hydrolysis of starch by boiling it with hor dilute 


H,SO, at 393 K, under 2-3 standard atmospheric 
pressure. 


(C.H,,0,), +nH,o——"_.n,¢.4..0 
n 4° 393K; 2-3 at ей P 
Starch or Cellulose 273901 Glucose 


Structure of Glucose 

As glucose is an aldohexose, it consists of six C-atoms and 
an aldehyde group. lt is the monomer of many of the 
larger carbohydrates such as starch, cellulose, etc. It is the 
most abundant organic compound on the earth and used 
as an immediate source of energy for all metabolic 
reactions in the animals. 

Structural Evidenees for Glucose 

Glucose was assigned the following structure on the basis 
of the evidences mentioned below : 


CHO < Aldehydic group 
(СНОН), «< Four 2? alcoholic groups 
CHOH  «— 1°alcoholic group 


Glucose 
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(i) Molecular Formula The molecular formula of 
glucose was found to be C,H),0.¢. 


(ii) Presence of Straight Chain (Reaction with HI) 
When heated with HI for a long time, it forms 
n-hexane which shows that all six carbon atoms 
are linked in a straight chain. 

CHO 


HI, A 
р ——— СН,СН,СН,СН,СН,СН, 
-hexa 
CH,OH n-hexane 
Glucose - 
(iii) Presence of Carbonyl Group (ў C=O) 


Glucose reacts with hydroxylamine to form an 
oxime and adds a molecule of hydrogen cyanide 
to give cyanohydrin. 


re CH= N— OH 
(еш ae ton 
CH;OH CH;OH 
HCN Glucose oxime 
CN 
Сн 
| ‘OH 
(СНОН), 
20H 
Glucose cyanohydrin 


(iv) Presence of an Aldehydic Group (Oxidation) On 
reaction with a mild oxidising agent like bromine 
water, Tollen’s reagent or Fehling’s solution, 
glucose gets oxidised to six carbon carboxylic acid 
(gluconic acid). 


d COOH 
(СНОН), 12 CHOH, 
| (Ох!дапоп) | 
CH,OH CH,OH 


Gluconic acid 


(v) Presence of Five —OH Groups Linked to 
Different Carbon Atoms Acetylation of glucose 
with acetic anhydride gives glucose pentaacetate 
which confirms the presence of five — OH 
groups. 
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суу ЕЯ 
о CH 
CHO ИТ | | 
(Acetic anhydride. "ub 
— (CH —O — C— CH) 
(CHOH), (Acetylation) | О = 
CH,OH | 
Glucose CH, — oe CH; 


Glucose pentaacetate 
(Stable compound) 


+ 5CH,COOH 


Since, the presence of two or more OH groups on the 
same carbon atom makes the molecule unstable but as 
glucose exists as a stable compound, this suggests that 
five —OH groups should be attached to different 
carbon atoms. 

(vi) Presence of One Primary Alcoholic Group On 
oxidation with nitric acid, glucose as well as gluconic 
acid both yield a dicarboxylic acid, called saccharic acid. 
This indicates the presence of one primary alcoholic 
(—OH) group in glucose. 


CHO COOH е; 
А. tis de A 
(Oxidation) Oxidation 
CH 20H COOH CH ‚ОН 
Glucose Saccharic acid Gluconic acid 


Configuration of Glucose 


Emil Fischer gave the exact spatial arrangement of different 
—OH groups in glucose after studying many other properties. 
Its configuration is correctly represented as I. So, gluconic acid 
is represented as II and saccharic acid as III. 


1CHO !COOH !COOH 
H——oH H-—L-oH нон 
HO H HO н HO——H 
H—ÉÍ—oOH H—+—oOH H—+—OH 
H—+—OH H—+—OH н——он 
‘CH,OH “CH,OH СООН 


Ш 


1 II 
D-(+)-glucose Gluconic acid Saccharic acid 


Glucose is named as D-(+)-glucose in which ‘D’ 
represents the configuration whereas ‘(+)’ represents the 
dextrorotatory nature of the molecule. 


Note О апа L has no relation with the optical activity of the compound. 
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i i ists í ifferent crystalline forms 
p and L-Notations (iv) Glucose exists in two d ry 


i d B. The a-form of glucose 

uc ae п ў opui alien dic b 
ae o d ipn ш соем solution of glucose at 203 pos the 

s | i i tion 
a glyceraldehyde contains one asymmetric carbon D-form T K) d US E 8 ^ 
atom and exists in two enantiomeric forms as given from hot and saturated aq | | 
below: | This behaviour could not be explained by the open chain 

Mi structure of glucose. It was suggested that one of the 
sar CHO — OH groups may add to the — CHO group and form 


а cyclic hemiacetal structure. 


CHO. 


Н ОН HO H 


It was found that glucose forms a six membered ring in 

which —OH at C-5 is involved in the ring formation. 

CHOH This explains the absence of —CHO group and existence 
: i below: 

L-C-glyceradehyde of glucose in two forms as shown be 

Compounds which can be chemically correlated to 

(+)-isomer of glyceraldehyde are said to have 

D-configuration whereas those which can be correlated to 

(-)-isomer of glyceraldehyde are said to have 

L-configuration. | tiu 


For assigning the configuration of monosaccharides, it is 
the lowest asymmetric carbon atom (as shown below) 
which is compared, e.g. in (+)-glucose, —OH on the 
lowest asymmetric carbon is on the right side which is. | a-D-(+)-glucose 
comparable to (+)-glyceraldehyde, Thus, it is assigned as 


CH;OH | 
D-(+)-glyceraldehyde 


/7///7777777////7/7777 


D-configuration. 


Mirror 


/777777777777777777777777 


°CH.OH 
L-(-)-glucose B-D-(+)-ghicose 
| Fischer projection formulae 
Cyclic Structure of Glucose The two cyclic forms (a-and B-forms) exist in 
The linear structure of glucose explained most of its 


equilibrium with open 
cyclic hemiacetal forms 
configuration of the hy 
C-latom is called an 


Properties but failed to ex 


Chain structure, The above two 
reactions: 


of glucose differ only in the 
droxyl group at C - Latom. This 
omeric carbon, i.e, the aldehydic 


plain the following facts and 


(i) Even though an aldehyde group is present, the 
glucose does not react with NH,, 2, 4-DNP and 


catbon before cyclisation, Such isomers i.e. a- form and p 
Grignard reagent. , -form differ in configuration only around C, are called 
(ii) Glucose do not restore the pink colour of Schiff 's anomers, 
reagent, despite having an aldehydic group. - Pyranose structure The six membered cyclic structure of 
(iii) The pentaacetate of glucose does not react with glucose is known as pyranose structure (@- or B-). It is 
hydroxylamine which shows the absence of free analogous to pyran which is a cyclic organic compound 
—CHO group. 


with one oxygen atom and five carbon atoms in the ring. 
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The cyclic structure of glucose is more correctly 
represented by Haworth structures as given below : 


6CH,OH 


a-D-(+)-glucopyranose B-D-(+)-glucopyranose 
Haworth structures Д 


Fructose 

It is an important ketohexose which is obtained along with 
glucose by the hydrolysis of disaccharides like sucrose. It is 
also known as fruit sugar. | | 


Structure of Fructose 

Molecular formula of fructose is same as that of glucose, i.e. 
C(H,,0,. On the basis of the reactions shown by fructose, it 
was found to have a ketonic functional group at C-2 and six 
carbon atoms in a straight chain as present in glucose. 


ICH,OH 
‚ ?c—oO 
HO ——H 
H —— OH 
H—3-— qn 
6CH,OH 
Open chain structure 


of D-(-)-fructose 


It is a laevorotatory compound and is appropriately 
written as D-(—)-fructose. 

It also exists in two cyclic forms which are obtained by the 
addition of —OH at C-5 to the È С==О) group. The ring 


thus formed is a five membered ring named as furanose 
analogous to furan, which is a five membered cyclic 


compound with one oxygen and four carbon atoms. 


1 2a N BI2 1 ТУ 
HOH,C—C—OH HO—C—CH,0H 
H 


HO A WOH АШК», 
OH H —|—OH 
O с. H— 
\ / 6 6 
) CH,OH CHOH 
Furan a-D-(-)-fructofuranose B-D-(-)-fructofuranose 


Fischer projection formulae 
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The cyclic structures of two anomers of fructose are 
represented by Haworth structures as given below: 


6 O | 
HOH;C CH;OH 


| , OH, -H 
B-D-(-)-Fructofuranose 


Haworth structures: 


Disaccharides 


Disaccharides on hydrolysis with dilute acids or enzymes 
f monosaccharides. These molecules 


give two molecules o 
ccharides. 


may be either same or different monosa 
The two monosaccharide units are joined together 
through an oxide linkage which is formed by the loss of 
a water molecule. Such a linkage between two 
monosaccharide units through an oxygen atom is called 
glycosidic linkage. 

Some important disaccharides are: 


Sucrose : 
On hydrolysis with acids or enzyme, sucrose gives 
equimolar mixture of D-(+)-glucose and D-(-)-fructose. 


HCl 
C;?H50;; +H,O ——9 СНО; + C.H120¢ 
D-(+)-glucose D-(-)- fructose 


Sucrose 


These two monosaccharides are linked through a 
glycosidic linkage between C-1 of a-glucose and С-2 of 
D -fructose. Since, the reducing groups of glucose and 
fructose are involved in glycosidic bond formation, 
sucrose is a non-reducing sugar. 


Glycosidic 
linkage H H 
B-D-fructose 
Haworth structure of sucrose 


a-D-glucose 


Biomolecules 


Although, sucrose is dextrorotatory but after hydrolysis, it 
gives dextrorotatory glucose and laevorotatory fructose. The 
mixture is laevorotatory because laevorotation of fructose 
(-92.4°) is more than dextrorotation of glucose (+52.5°). 
Therefore, hydrolysis of sucrose brings about a change in the 
sign of rotation, i.e. form dextro (+ to laevo (-) and hence, 


the product is known as invert sugar. This over all process is 
called inversion of sugar. 


Maltose 


Hydrolysis of maltose yields two moles of a -D-glucose. 
Thus, it is composed of two a.-D-glucose units in which C-1 
of one glucose unit (I) is linked to C-4 of another glucose 
unit (II). | . 
The free aldehyde group can be produced at C-1 of second 


glucose in solution and it shows reducing properties. So, it is 
a reducing sugar. 


“Glycosidic 
(1) OH linkage H (Ш) OH 
a-D-Glucose a-D-Glucose 
Haworth structure of maltose 


Starch 
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Lactose 


It is commonly known as milk sugar because it is 
found in milk. It is composed of B -D-galactose and 
B-D-glucose. The linkage is between C-1 of galactose 
and C - 4 of glucose. Since, it reduces Tollen’s or 


Fehling’s solution, Hence, it is also called a reducing 
sugar. 


6 6 
CH;OH CH;OH 
НОЙ CUR еи H 
BK о PD 
H Н буде am 


lin 
н он "e н о 
B-D-Galactose B-D-Glucose 
Haworth structure of lactose 


Polysaccharides 


These are the most commonly found carbohydrates in 
nature. They are composed of a large number of 
monosaccharide units joined together by glycosidic 
linkages. These are colourless, tasteless, amorphous 
powders. They play a vital role in plant and animal 
life, by acting as the food storage material or 


structural materials. Some important polysaccharides 
are : 


It is important storage polysaccharide of plants and the most important dietary source of carbohydrate for human 
beings. High content of starch is found in cereals, roots, tubers and some vegetables. It is a polymer of a-glucose and 


consists of two components, i.e. amylose and amylopectin. Amylose is soluble in water and constitutes 15-2096 of 
starch while amylopectin is insoluble in water and constitutes about 80-85% of starch. 


H a-glycosidic 
linkage 


6 
СНОН 


a-glycosidic 
linkage 


Structure of amylose 
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Chemically, amylose is a long unbranched chain with 200-1000 a-D(«)-glucose units that are нз ae 
glycosidic linkage. On the other hand, amylopectin is a highly branched chain polymer of o.-D-gluc ‘die fink Ic 
glycosidic linkage is present between C, -C, atoms, whereas the branching occurs through C,-C, Blycos KON 


6 6 
CH;OH СНОН 


a-glycosidic 


linkage 


[ Branch at C-6 6 


CH, 


H OH 
a-glycosidic a-glycosidic 
linkage linkage — 


Structure of amylopectin 


Cellulose | | Importance of Carbohydrates 


It occurs exclusively in plants and it is the most abundant organic Carbohydrates are very important and essential 
substance in plant kingdom. It is the main constituent of cell wall Вг life in both plants and animals. 

of plant cells. It is a straight chain polysaccharide composed only Few important roles of ca 
of B-D-glucose units that are linked together by glycosidic below : 

linkage between C-1 of one glucose unit and C-4 of the next 

glucose unit. : 


rbohydrates are listed 


(i) They form a major portion of our food. 


(ii) They are used as storage materials 


HOH,C | ‚ like starch in plants and glycogen in . 
| О О animals. 
HOH;C OH (ш) Cellulose in the form of wood is used to 
HOH.C О build furniture and clothes in the form of 
$ о NOH H ОН cotton fibres. 
О | (iv) They provide raw materials for тапу 
О OH 4 industries, like textiles, papers and lacquers. 
| бн КЕ (у) They act as а biofuel to provide energy for 
H TEA ЧСА к the functioning of living organisms. 
(vi) They act as constituent of cell membranes 
| E25. ; 
Glycogen of plants and bacteria. | 
It is known to be the storage material of animals. Its structure is (vii) In living systems, carbohydrates are also 
similar to amylopectin and is highly branched that is why also found in combination with many proteins 
known as animal starch. It is found in liver, muscles and brain. and lipids such as glycoproteins and 
When body requires energy, it breaks down to glucose by the glycolipids. Е | 


action of enzymes. It is also found in yeast and fungi. 


TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


Carbohydrate that cannot be hydrolysed further 


to give simpler unit of polyhydroxy aldehyde or 
ketone is called 


(a) monosaccharide 


(b) oligosaccharide 
(c) polysaccharide 


(d) None of these 


a-D-glucose and B-D-glucose differ from each 
other with respect to the CBSE SQP (Term I) 
(a) number of — OH groups 
(b) configuration at the C-1 carbon 
(c) size of the hemiacetal ring 
(d) configuration at the C-5 carbon 


One molecule of sucrose on hydrolysis gives ......... 
(a) 2 molecules of glucose NCERT Exemplar 
(b) 2 molecules of glucose + 1 molecule of fructose 


(c) 1 molecule of glucose +1 molecule of fructose 
(d) 2 molecules of fructose 


Disaccharides that are reducing in nature are 


(a) sucrose and lactose CBSE SQP 2021 
(b) sucrose and maltose 


(c) lactose and maltose 
(d) sucrose, lactose and maltose 


Which one of the following reactions is not 
explained by the open chain structure of glucose? 


CBSE SQP (Term I) 
(a) Formation of penta-acetate of glucose with acetic 
anhydride : 
(b) Formation of addition product with 2,4-DNP reagent 
(c) Silver mirror formation with Tollen’s reagent 
(d) Existence of alpha and beta forms of glucose 


Which of the following is a polysaccharide? 

CBSE SQP (Term I) 
(c) Glycogen (d) Lactose 
Which one of the following statement is correct 


about sucrose? CBSE SQP (Term I) 


(a) It can reduce Tollen's reagent however cannot reduce 
Fehling's reagent 


(b) It undergoes mutarotation like glucose and fructose 


(c) It undergoes inversion in the configuration on 
hydrolysis 


(d) It is laevorotatory in nature 


(а) Glucose: (b) Maltose 


In the following reaction, identify A and B 


Acelic anhydride 
С6Н 06 —— — —— 4 
Conc. nitric acid 


B CBSE SQP (Term 1) 


9. 


10. 


It. 


12. . 
13. 
Or 
14. 


15. 
16. 


17. 


18. 


19 


20 


‚ 41. 


22. 


23 


(a) A =COOH—(CH,), —COOH, 
B=OHC—(CHOCOCH,), —CH,OCOCH, 
(b) A=COOH—(CH,), —CHO, 
B =OHC—(CHOCOCH,), —CH,OCOCH, 
(с) A=OHC—(CHOCOCH,)}, —CH,OCOCH,, 
B = COOH—(CH,), —CHO 
(d) A= OHC—(CHOCOCH,), —CH,OCOCH,, 
B = COOH—(CH,), —COOH 


` VERY SHORT ANSWER Type Questions 


Classify the following into monosaccharides and 
disaccharides. Ribose, 2-deoxyribose, maltose, 
galactose, fructose and lactose. NCERT 


Which one of the following is a disaccharide? 
starch, maltose, fructose, glucose Delhi 2015 
Which one of the following is a polysaccharide? 
starch, maltose, fructose, glucose 


Delhi 2020, All India 2015 


What are reducing sugars? All India 2010; NCERT 
Glucose on reaction with HI gives n-hexane. 
What does it suggest about the structure of 
glucose? All India 2014 


Write the product formed when glucose is treated 
with HI. 


Write the product formed on reaction of 
D-glucose with Br, water, All India 2014 


Define the term anomers. ‘Delhi 2014 


What do you understand by the term glycosidic 
linkage? NCERT; Delhi 2013, All India 2011 C 


What are the products of hydrolysis of sucrose? 
All India 2014; Delhi 2014, 2013; NCERT 


What are the products of hydrolysis of maltose? 


Delhi 2014, 2013 
What are the expected products of 


hydrolysis of 
lactose?, 


Delhi 2014; NCERT Intext 
Name the two components of starch. Delhi 2013 


Which of the two components of st 


arch are 
water soluble ? 


All India 2014, 2013 
Which component of starch is a branched 
polymer of a-glucose and insoluble in water? 


All India 2014 
Write the two main functions of carbohydrate 


in plants. All India 2008; NCERT 
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SHORT ANSWER Type I Questions 


24. 
25. 


26. 


гә 
Мм 


to 


30. 


Why are carbohydrate generally optically active? 
Write the reactions involved when D-glucose is 
treated with the following reagents : 

(i) HCN (ii) Br, water All India 2013 


Why does the mixture obtained after 
hydrolysis of cane sugar is laevorotatory 
though sugar itself is dextrorotatory? 


Name the two components of starch. 
How do they differ from each other . 
structurally? 


What is the essential difference between the 
a-form of glucose and B-form of glucose? 
Explain. 

Monosaccharides contain carbonyl group 
hence are classified, as aldose or ketose. The 
number of carbon atoms present in the 


monosaccharide molecule are also considered i 


for classification. In which class of 


monosaccharide will you place fructose? 
NCERT Exemplar 


Carbohydrates are essential for life in both 
plants and animals. Name the 
carbohydrates that are used as storage 
molecules in plants and animals. 


| All‘none | CHEMISTRY Class 194), 


Also, name the carbohydrate which is present in 
wood or in the fibre of cotton cloth. NCERT Exempla, 


SHORT ANSWER Type IT Questions 


3t. 


32. 


33. 


Or 


34. 


35. 


36. 


What happens when D-glucose is treated with the 
following reagents? | NCERT 
(i) HI (ii) Br, water (iii) HNO, 

How will you distinguish 1^ and 2" hydroxyl groups 


present in glucose ? Explain with reactions. 
NCERT Exemplar 


Enumerate the reaction of D-glucose which 
cannot be explained by the open chain structure. 
Delhi 2014 C, 2011C; All India 2009; NCERT 


Which type of reactions could not be explained by 


the open chain structure of glucose? 
` What alternative structure has been proposed for 
the glucose molecule? Draw the structure. 


Define the following terms. 
` (i) Glycosidic linkage (ii) Invert sugar 
(iii) Oligosaccharides Delhi 2014 


What is glycogen? How is it different from starch? 
NCERT 


What is the basic structural difference between 
starch and cellulose? NCERT 


HINTS AND EXPLANATIONS 


(a) A carbohydrate that cannot be hydrolysed further 
to give simpler unit of polyhydroxy aldehyde or 
ketone is called monosaccharide. 

(b) a-D-glucose and B-D-glucose differ from each other 
with respect to the configuration at the С-1 carbon. 


. (c) Sucrose (cane sugar) is a disaccharide. One 


molecule of sucrose on hydrolysis gives one molecule 
of glucose and one molecule of fructose. 


H20 
СНО, — > С,Н.0, + С,Н,0, 
H D (+) glucose — D(-) fructose 


Cane sugar 
(с) Lactose and maltose. 


‚ (d) Existence of alpha and beta forms of glucose is not 


explained by the open chain structure of glucose. 


. (c) Glycogen 


(c) Sucrose undergoes inversion in the configuration. 


. (c) Refer to text on page 408. 


. Monosaccharides Ribose, 2-deoxyribose, galactose, 
: and fructose. Disaccharides Maltose and lactose. 


‚10. 
11. 


12. 


13. 


14. 


15. 


16. 


17. 


D-(+)-glucose and D-(-)-fructose. 


Maltose is a disaccharide. It is composed of two 
a-D-glucose molecules. 

Starch is a polysaccharide. It gives the large number 
a-D-glucose molecules on hydrolysis. 

Carbohydrates in which ketonic or aldehydic groups are 
free and capable of reducing Fehling’s solution or Tollen’s 
reagent are known as reducing sugars. 

This reaction shows that all six carbon atoms are linked in 
a straight chain. 
CHO COOH 


Вг; water 
——— 


|, 
(СНОН), нон 


CH,OH 


A pair of isomers that differ in configuration around C-1 
atom are called anomers. | 

A linkage between two monosaccharide units through an 
oxygen atom is called glycosidic linkage. 


The products obtained on hydrolysis of sucrose are 


CH,OH 


Biomolecules 


18. Maltose gives two molecules of D-glucose on 
hydrolysis. 

Lactose on hydrolysis gives f-D-glucose and 
p-D-galactose, 


СНО, + H0, СНО, + C,H, ,0, 
Lactose Galactose 
Starch is composed of amylose and amylopectin. 
Starch consists of amylose and amylopectin. 
Amylose is a water soluble component of starch. 
Amylopectin is a branched polymer of a-glucose 
and insoluble in water, 
(i) Carbohydrates are used as 
as starch in plants. 
(ii) Cell wall of bacteria 
cellulose. 
Hint Chiral carbon atoms. 
Refer to text on page 408. 
After hydrolysis, cane s 
dextrorotatory 
fructose. Since 


19 


Glucose 
20. 
21. 
22. 


23 


storage molecules 


and plants is made up of 


24. 
25. 


26. ugar (sucrose) gives 


glucose and laevorotatory 

the laevorotation of fructose 
(-92.4°) is more than dextrorotation of glucose 
(+52.5°), the mixture is laevorotatory. 

Refer to text on Pages 411 and 412. 

Refer to text on page 409. 


Monosaccharides contain carbonyl group. Hence, 
are classified as aldose or ketose. When aldehyde 

Broup is present, the monosaccharides are 
known as aldose. When keto 
the monosaccharides are kno 
Fructose has molecular form 
containing six carbo 
classified as ketohe 


27 
28 
29 


Пе group is present, 
Wn as ketose. 

ula СНО, 

n and keto group. It is 

Xose. 


CHOH 
С=О 


н 
OH 
OH 


CH 0H 
D-(-)-fructose 


ITOPIC 2| 


Proteins and Enzymes 


Another class of biomolecules whi 
living systems, 


abundant bio 


Chief sources 


HO 
H 


ch are essential for 
аге proteins. Proteins are the most 


molecules of the living system. The 
of proteins are milk, cheese, pulses, fish, 
Meat, peanuts, etc, They are found in every part of 
the b 


ody and form a fundamental basis of structure 
and functions of life. 


415 


30. In plants, carbohydrates are stored in the form of starch while in 


31. 
32. 


33. 


animals, these are stored in the form of glycogen. 


Cellulose, a carbohydrate is present in wood or in the fibre of 


cotton cloth. 
Refer to text on page 403. 


Glucose consists of 5 — ОН groups. Among these, the UM 
group present on the terminal carbon atom (i.e. C-6 а 
called 1° hydroxyl group while all the four remaining Р 
groups present on C-2, С -3, C-4 and C-5 atoms are calle 


2' hydroxyl groups. 1° hydroxyl groups are easily oxidised to 


ic aci 'hile 2° П groups 
carboxylic acid group while 2 hydroxy grou 
undergo oxidation only under drastic conditions. 


e.g. On oxidation with nitric acid, glucose gives a dicarboxylic 
acid, saccharic acid (also called glycaric acid) having the same 


number of carbon atoms as glucose. This indicates 
contains one primary (1°) alcoholic or hydroxyl group. 


CHO COOH 
HNO, 
OH 
(CHOH), Ооа т ), 
СН,ОН СООН | 
Glúcos Saccharic acid 
Refer to text on page 409. 


34. (i) Refer to text on page 410. 


(ii) The equimolar mixtur 


35. 


36 


(iii) Refer to text on page 


which sucrose gives о 
407. 
Glycogen is a hig 


O-D-glucose. It is stored in the form of 


amylopectin (water insoluble co 


ear polymer of a-D-ghucose, whil 
branched polym 


chain consists of : . 


ghly branched condensation polymer of 


that glucose 


mponent 15-20%) and 
mponent 80-85%), Amylose 


difference is 
20-25 glucose units Whereas 


e of D-)-zlucose and D+{—)-fructose 
n hydrolysis is called invert sugar. 
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AMINO ACIDS 


Amino acids contain amino (—NH,) 
c — and carboxyl 
(—COOH) functional groups. 4 í 


Depending upon the relative position of amino group with 
respect to carboxyl group, the amino acids can be classified as 
a, В, y ord. 


a 
R— CH — СООН <— Carboxylic group. 


NH, —a 1 
SR -amino eri 
а-атіпо acid group 


(R = side chain) 


On hydrolysis of proteins, only a-amino acids are obtained. 


. . Hydrolysis : Hydrolysi 
Proteins ————> Peptides ee a.-amino acids 


Nomenclature of Amino Acids .. 


Amino acids can be named by the IUPAC system, but they are 
generally known by their trivial names depending upon the -° 
source from which they are obtained or the property of that 
compound etc. | 
e.g. Glycine is named due to its sweet taste (in Greek ‘glykos 
means sweet) and tyrosine was first obtained from cheese (in 
Greek, tyros means ‘cheese’). Amino acids are represented by 
three letters symbol, which is first three letters of their respective 
common names. 

The structures of some commonly occurring amino acids 
along with their symbols can be summarised as follows: 


Natural amino acids 


Name ofthe ашго ves Оны 
side chain, R symbol 
Glycine H d Gy ^ G 
Alanine = CH, | Е Ala A 
Valine* — (C,CH— —— — ма М 
Leucines  (H;C)}}CH— CH, — — а. ВЕЕ ЭШЕ... 
Isoleucine’ H,C—CH,—(CH,)—CH— le ! 
Arginine* HN —C—NH(CH;), — Arg R 
js dns гй wi Ludi, sre a 
Lysine* H,N — (CH,),— =o Ds Kr: len, 
Glutamic acid HOOC—CH, —CH, — Glu E 
‘asparticadd Aoo Eeh — Ee E р D 
Glutamine HN со CH, — CH, Ep e Q Е 
fsparagine ңд—со—С— Ап М 


| Allénone | CHEMISTRY Class 12th 


Threonino* H,C— CHOH — Thr 3 T 
Serine HO — CH, — | Ser % 
Cysteine Hs — CH, — Суз с 
Methionine* H,c—S—CH, — CH— Me м 
Phenylalanine* CH, — CH, — Phe 
Tyrosine (p HO — CH, — CH, — Wr cy 
Tryptophan* | СН Trp w 
N 
à -— 
Histidine* нс Ніѕ H 
L 
Proline COOH? Pro Р 


- HN —-н 
| Uo 


Complete structure 


. *Essential amino acids, а = 


Classification of Amino Acids 
Depending upon the relative number of amino and 
carboxyl groups present in their molecule, amino 
acids are classified as: wi 
(i) Acidic amino acids These are the amino acids 
^ which contain more carboxyl group than 
amino groups, e.g. aspartic acid, glutamic 
acid, etc. 

(ii) Neutral amino acids These are the amino 
acids which contain equal number of amino 
and carboxyl groups, e.g. glycine, alanine, 
etc. 


. (iii) Basic amino acids These are the amino 


acids which contain more number of amino 
groups than carboxyl groups, e.g. lycine, 
arginine, etc. E 


М, ESSENTIAL AND NON-ESSENTIAL AMINO ACIDS 


Amino acids which are synthesised by the body, are called 
non-essential. On the other hand, those amino acids which 
cannot be synthesised in the human body and are supplied 
in the form of diet (because they are required for proper 
health and growth) are called essential amino acids. The ten 
essential amino acids are marked by asterisks * in the above 
table. 


Biomolecules 


Properties of Amino Acids 


Some of the important properties of amino acids are: 


(i) Amino acids are usually colourless, 


crystalline solids, 
These are soluble in water and have high melting 
points. 


(ii) Amino acids contain both acidic ( 
and basic (amino group) 
behave like salts rather than simple amines, 


(iii) In aqueous solution, they neutralise each other 
involving transfer of а proton from the carboxyl 
group to the amino group, giving rise to a dipolar 
ion known as 'Zwitter ion’. It is neutral but contains 
both positive and negative charges, 


carboxyl group) 
groups due to which they 


| | 
ee = CHC 


+ 
:NH; 3 
(Zwitter ion) 
In Zwitter ionic form, amino acids show amphoteric 
behaviour as they can react with both acids and bases, 


(iv) Except glycine, all other Q-amino acids are optically 
active as their a-carbon is asymmetric. These exist in 
both ‘D’ and ‘L’ forms. M 


ost of the amino acids have 
L-configuration in which —NH 2 group is on left 
hand side. 


Peptide Linkage and Their Classification 
Proteins are connected to each other by —CO—NH— 
bond which is called the peptide bond or the peptide linkage, 
Chemically, peptide linkage is an amide (—CO—NH—) 


bond formed between carboxyl group (—COOH) and amino 
group (— NH 3) 


carboxyl group of glycine 


f alanine. 
| 
HiN—CH;—CO/'OH«HTN— сн соон 
Glycine — ---r--- А 
-H,0 | CH, 
Alanine 


HN CH;-[co —NH]- CH— COOH 
| 
"9 CH, 
Peptide linkage 
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i ipeptide, the 
third amino acid combines to a dipeptide, th 

si is called a tripeptide. A tripeptide contains 
three amino acids linked by two peptide linkages. 
Thus, according to the number of amino acids 
combined, the product may be tetrapeptide, : 
pentapeptide or hexapeptide. When the number о 
such amino acids is more than ten, then the products 
аге called polypeptides. A polypeptide with more than 
hundred amino acid residues, having molecular mass 
higher than 10,000 u, is called a protein. 
However, the distinction between a polypeptide and a 
protein is not very sharp. Polypeptides with fewer 
amino acids are likely to be called proteins if they | 
ordinarily have a well defined conformation of protein 
such as insulin which contains only 51 amino acids. 


Classification of Proteins 
On the basis of their molecular sha 
two types: 

(i) Fibrous proteins They have thread or fibre like 
structures in which polypeptide chains run 
parallel and are held together by hydrogen and 
disulphide bonds. These proteins are insoluble in 
water, e.g, keratin (found in hair, skin, nails, 
wool, silk) and myosin (present in muscles). 

(ii) Globular proteins They have spherical shape 
structure which results when the chains of 
polypeptides coil around. These are soluble in 
Water, e.g. insulin and albumins. 


pe. proteins are of 


Structure and Shape of Proteins 
On the basis of Structure and sha 
different levels are found: 


(i) Primary structure Proteins may have one ог 
more polypeptide chains. Each polypeptide chain 
as a large number of a-amino acids linked to 
one another in a specific seque 
sequence in which various am 
with each other to for 
primary structure. 
So, the change of just one amin 
Sequence can alter its biol 
create a different protein, 


(ii) Secondary structure The co 
the polypeptide chains assum 


ре of proteins, four 


nce. The specific 
ino acids are linked 
m a polypeptide, is called its 


o acid in the 
ogical activity and can 


nformation which 
€ as a result of 
О 


| 
hydrogen bonding between —C— and 


—NH— groups of the peptide bond is called 
secondary structure of proteins, 
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T ГЕ VE 
ii pude two different structures which are as follows : 
a) a- А x 
elix structure It is one of the most common structure 


in which a polypeptide chain forms all possible hydrogen 


bonds by twisting i i 
) g into a right handed helix. In this 
ni = —NH group of each amino acid unit is 
ydrogen onded to the C=O of another amino acid 
unit present at an adjacent turn of the helix. 


a-helix structure of proteins . 


(b) B-pleated sheet structure All peptide chains are stretched 
out to nearly maximum extension and then laid side by 


side which are held together by intermolecular hydrogen 
bonds. The structure so formed resembles the pleated 


folds of drapery and thus, it is known as p -pleated sheet 
structure. , É i 
7 
on 7s N 
RCH RCH RCH 
“н bod bos b 
n 7O--H. K ^0-. н СО, 
\ \ \ 
HCR HCR ji 
d 
o7& „н © ү! odd МеН ў 
/N N /N 
RCH RCH RCH 
aN ( 5O.. HK О-- H~ Y О 
НСВ HCR HOR 
z ZC 26 


p-pleated sheet structure of proteins 
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The further folding of the 


secondary structure of proteins is known as tertiary 
structure. It gives rise to (Wo major molecular 
shapes, fibrous and globular. The main forces that 
stabilise 2° and 3° structures of protein are 
hydrogen bonds, disulphide bonds, van der Waal 
forces and electrostatic forces of attraction. 
(iv) Quaternary structure Although many proteins 

exist as a single polypeptide chain, but some of the 
proteins are composed of two or more polypeptide 


chains called subunits. 
The spatial arrangement of these subunits with 
respect to each other is known as quaternary 


(iii) Tertiary structure 


structure. 


өзөзөөөөөзөөөзөзөөөзөзөөөөө. 


Quaternary 
structure 


Primary. Secondary Tertiary 
-structure structure structure 


Diagrammatic representation of protein stru 
‚ subunits of two types in quaternary structure) 


cture (two 


Denaturation of Proteins 

Protein found in a biological system with a unique 
three-dimensional structure and biological activity, is 
called native protein. When a native protein is 
subjected to physical change (like change in 
temperature) or chemical change (like change in pH), 
the hydrogen bonds are disturbed. 

As а result, globules unfold and helix get uncoiled and 


protein loses its biological activity. This is known as 


denaturation of protein. During denaturation, 2° and 


3° structures are destroyed but 1° structure remains 


intact, e.g. coagulation of an egg white on boiling and 
curdling of milk caused due to the formation of lactic 
acid by the bacteria present in milk. 


ENZY MES 


These are essential biological catalysts (or biocatalysts) 
which are needed to catalyse biochemical reactions. 
Almost all the enzymes are globular proteins. Enzymes 
are very specific for a particular reaction and for a 
particular substrate. 

They are generally named after the compound or class 
of compounds upon which they work, e.g. the enzyme 


nomoleeules 


that catalyses hydrolysis of maltose 
as maltase, 


equ 


Into glucose fi named 


Malinen art i 
› 2G yO; 


Glucose 


С, 

Malte Ho 

Sometime enzymes ate also n 
where they are used, The 
oxidation of one substrate 
another substrate are n 
The ending of the n 


amed after the reaction, 
enzyme which catalyses the 
with simultaneous reduction of 
amed as oxidoreductane enzymes, 
ame of an enzyme is ‘nse 


Mechanism of 

xzyme Action 

Enzymes are needed only in small quantities for the 
progress of a reaction, Like chemical catalysts, enzyme 
reduces the magnitude of activation energy, ep, 
activation спегру for acid hydrolysis of sucrose is 6,22 kJ 
mol ^, while the activation energy is only 2.15 kJ mol”! 
when hydrolysed by the enzyme, sucrase, 


Note Mechanism for tho onz 
chapter б 


TOPIC PRACTICE 2,| 


OBJECTIVE Туре Questions 


Í. An a-helix іва structural feature of All India 2020 
(a) sucrose (b) polypeptides 
(c) nucleotides (d) starch 

2. Which onc of the following amino acid has 
phenyl —OH group? 
(a) Lysine 
(c) Proline 


Уто action has boon discussed In 


(b) Arginine 

(d) Tyrosine 

3. Which of the following amino acids is not 
optically active? 
(a) Lysine 
(c) Leucine 


(b) Glycine 
(d) Glutamine 


4. The functional unit that is repeated in a protein 
molecule is CBSE SQP (Term I) 
(a) an ester linkage 
(b) a glycosidic linkage 
(c) a peptide linkage 
(d) an ether linkage 
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5. Which of the following statement is correct? 
CIE SQP (Term I) 
(a) Fibrous proteins are generally soluble in water 
(b) Albumin їз an example of fibrous proteins 
(c) In brous proteins, the structure ів stabilised by 
hydrogen honda and disulphide bonds 
(d) pl does not affect the primary strueture of protein 


6. "fertlary structure of protein is stabilised by 
(n) disulphide bonds NCERT Exemplar 
(b) van der Waals’ forces 
(c) hydrogen bonds 
(d) All of the above 


7. Curdling of milk is an example of 
(а) breaking of peptide linkage CBSE Sample paper 
(b) hydrolysis of lactose 
(c) breaking of protein into amino acids 
(d) denaturation of proetin 


8. Enzymes are 
(a) olls 
(c) proteins 


(b) fatty acids 

(d) minerals 

VERY SHORT ANSWER Туре Questions 
9 


Amino acids can be classified as а, [^ у, бапа so 
on depending upon the relative position of 
amino group with respect to carboxyl group. 
Which type of amino acids forms polypeptide 


chain in proteins? NCERT Exemplar 
10. Amino acids show amphoteric behaviour. Why? 
All India 2015 


ЇЇ. What type of linkage is responsible for the 


formation of proteins? All india 2014 
Or Write the name of linkage joining two amino 
acids, All India 2013 


(2. Three amino acids are given below: 
Alanine СИСЩСООНИМН, \ aspartic acid 
HOOC- CH,CH(COOL(NU, ) and lysine 
Hl N—(CIL ), СЩСООНИМН,) CBSE SQP 2021 
(i) Make two tripeptides using these amino acids 
and mark the peptide linkage in both cases. 
(i) Represent alanine in the Zwitter ionic form. 


13. What is the dilference between fibrous protein 
and globular protein? 


Delhi 2020, NCERT, Delhi 2015 
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14. 


15. 


16. 


17. 


Give an example for each of fibrous protein and 
globular protein. All India 2014 


Write one difference between a-helix and 
B-pleated sheet structures of proteinAll India 2015 


What type of bonding helps in stabilising the 
a-helix structure of proteins? 
NCERT; All India 2010 C; Delhi 2013 


What are enzymes or biocatalysts? Give examples. 


SHORT ANSWER Type I Questions 


18. 


19. 


20. 


21. 


What are the essential and non-essential amino 
acids? Give one example of each type. 
All India 2008 C; 2014 C; NCERT 


What are the common types of secondary 


structure of proteins? NCERT 


Protein found in a biological system with a 
unique three-dimensional structure and 
biological activity is called a native protein. 
When a protein in its native form, is subjected to 
a physical change like change in temperature or 
a chemical change like, change in pH, 
denaturation of protein takes place. Explain the 
cause. NCERT Exemplar 


Or 
What is the effect of denaturation on the 


structure of proteins? NCERT 


Activation energy for the acid catalysed 
hydrolysis of sucrose is 6.22 kJ mol ! while the 
activation energy is only 2.15 kJ mol! when 
hydrolysis is catalysed by the enzyme sucrose. 
Explain. NCERT Exemplar 
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SHORT ANSWER Type II Questions 


22. 


23. 


24. 


25. 


(iii) Maltase 


26. 


27. 


The melting poínts and solubility of amino acids 
in water are generally higher than that of the 
corresponding halo acids. Explain. NCERT Intext 


Amino acids may be acidic, alkaline or neutral. 
How does this happen? What are essential and 
non-essential amino acids? Name one of each 
type All India 2010; Delhi 2010 


Define the following as related to proteins. 
(i) Peptide linkage 
(ii) Primary structure 
(iii) Denaturation NCERT; All India 2015; Delhi 2014 
Write the function of the following enzymes. 
(i) Invertase 
(ii) Urease 
NCERT Exemplar 


What are enzymes? Describe their functions. 
Name two diseases which are caused due to 
deficiency of enzymes. All India 2016 


Define the following with an example of each 


Delhi 2020, CBSE 2018 
(a) Polysaccharides 
(b) Denatured protein 
(c) Essential amino acids 
Or 
(a) Write the product when D-glucose reacts with 


conc, HNO,. 

(b) Amino acids show amphoteric behaviour. 
Why? 

(c) Write one difference between a-helix and 
B-pleated structures of proteins. 


| HINTS AND EXPLANATIONS 


| i | bonding. 
1. (b) Refer to page 418 (a-helix structure). 16. Hydrogen | = 
2. (d) Tyrosine has phenyl —OH group ` 17. Enzyme or biocatalysts catalyse the biochemical reactions. 
H2N—CH—COOH 18. Refer to text on page 416. | | 
| 19. The conformation which the polypeptide chain assume 
CH) OH о 
і ееп — C— and NH 
3. (b) Except glycine (Gly), all the other naturally due to hydrogen bonding pee een — С 
occurring o-amino acids are optically active. group of the peptide bond is called secondary 

4. (c) The functional unit that is repeated in a protein structure of proteins. 


molecule is a peptide linkage. 


These exist in two types of different structures: 
5. (d) pH does not affect the primary structure of protein. 


(i) a-helix Refer to text on pages 417-418. 


(4) Tertiary structure of protein are mainly stabilised by Ul) Pr pleated etructure Reter toes on page #18. 
hydrogen bonds, disulphide bonds, van der Waals’ 


с” 


20. Refer to text on page 418. 
forces and electrostatic forces of attraction, 21. Enzymes are the essential biological catalysts which are 
7. (d) Coagulation of egg white, caused by heating and needed to catalyse biochemical reactions. Enzymes are 
curdling of milk, caused by the acidity (of lactic acid) are needed only in small quantities for the progress of a 
examples of denaturation of protein. Clotting of blood is reaction. Like chemical catalysts, enzymes reduces the 
not an example of denaturation of protein. 


magnitude of activation energy by providing alternative 
i ci pathway, e.g. hydrolysis of sucrose, the enzyme sucrase 
г yi Teduces the activation energy from 6.22 kJ mol" ' to 


2.15 kJ mol" '. Thus, enzyme catalysed reactions occur 
at a much faster rate. 


8. (c) Enzymes are nitrogen containing high molecular 
weight organic compounds. Actually these are proteins. 


9. a-amino acids forms polypeptide chain in proteins. 
10. Amino acids contain both amino (—NH,) and carboxyl 


(— СООН) groups, thus they react with both acids and 


22. The amino acids exist as Zwitter ions 
bases. Hence, amino acids are amphoteric in nature. 


11. Peptide link (Н, N—CHR—COO- )in aqueous solution. Due to this, 
ARE РОНЕ | | | | dipolar salt like structure amino acids have strong 
12. (i) The two tripeptides using amino acids alanine, dipole-dipole attractions. 
aspartic acid and lysine are hus. thei ti ints are high ing 
CH, сн, соон (CH),— NH, Thus, their melting points are higher than corresponding 


halo acids which do not have salt like character. 
Secondly, they interact strongly with H,O due to their 


HOOC— CH —NHOC — CH — NHOC— CH— NH : х ‘ 
? salt like character. Аз a result, polar amino acids dissolve 


CH,COOH CH, (CH), — NH, in polar solvents like H,O. Hence, the solubility of amino 
acids in water is higher than that of corresponding halo 
HOOC— CH —NHOC—CH —NHOC— CH— NH, acids, which do not have any salt like character, 
(ii) The Zwitter ionic form of alanine is 23. Amino acids may be acidic, basic or neutral depending 
H | 


upon the relative number of amino and car 


boxyl groups 
present in the molecule, 


4 - 
Hy N—C7,000 Equal number of amino and carboxyl groups makes it 
CH tns neutral, more number of amino than carboxyl groups 

3 ud 


makes it basic and more carboxylic groups as compared 
13. Fibrous proteins have thread or fibre like structures lo amino groups makes it acidic. Refer to text on page 
whereas globular proteins have spherical shape, 576 for essential and non-essential amino acids. 
14, Fibrous protein Keratin and myosin 24. (i) Refer to text on page 417, 
Globular protein Insulin and albumin (ii) Refer to text on page 417. 
15. In a-helix, a polypeptide chain forms all possible (iii) Refer to text on page 418. 
hydrogen bonds by twisting into a right handed helix. 25. (i) Invertase Hydrolysis of cane sugar. 
On the other hand in f-pleated sheets, peptide chains are (ii) Urease Decomposition of urea into NH, and CO,. 
stretched out to nearly maximum extension and laid side (iii) Maltase Hydrolysis of maltose into glucose. 
by side by intermolecular hydrogen bonds. 
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26. Enzymes are biological catalyst, they are composed of 


proteins. Enzymes are highly specific in nature. The two 


main functions are as follows : 


(i) They lower the requirement of activation energy. 
(ii) They speed up the rate of reaction. 


e.g. Enzyme maltase catalyses maltose to glucose : 
СНО + H,O—“™"*_5 20, H,,0,. 


(iii) Two diseases which are caused due to deficiency of 


enzymes are 
(a) Phenyl ketone urea (PKU) — (b) Albinism 
27. (a) Carbohydrates which give a large number of 
monosaccharide units on hydrolysis are called 
polysaccharides, e.g. starch, cellulose, glycogen, etc. 


These are not sweet in taste, therefore they are also 


called non-sugars. 


(b) Protein found in a biological system with a unique 
three-dimensional structure and biological activity, 
as native proteins. When a native protein is 
subjected to a physical change (like change in 


temperature) or a chemical change (like change in pH), 


its hydrogen bonds are disturbed. As the result, 
globules unfold and helix get uncoiled and protein 
loses its biological activity. 
This is known as denaturation of protein. During 
denaturation, 2° and 3° structures are destroyed but 
1° structure remains intact, e.g. coagulation of an 
egg white on boiling and curdling of milk caused 
due to the formation of lactic acid by the bacteria 
present in milk. 

(c) Those amino acids which cannot be synthesised in 
the human body and are supplied through our diet 


| TOPIC 3| 
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(because they are required for proper health and 
growth) are called essential amino acids. e.g. 
Arginine lysine, etc. 
Or (a) It is saccharic acid which is formed as per the reaction 
given below: 
CHO id 
(CHOM, —" 5 (CHOH), 
| HNO, 
CH,OH 


D-Glucose 


CH;OH 

Saccharic acid 

(b) Amino acids may be acidic, basic or neutral 
depending upon the relative number of active amino 
and carboxyl group present in their molecule. 
Equal number of amino and carboxyl groups makes 
it neutral, more amino group means basic and more 
carboxylic group means acidic amino acid. 
Hence, amino acids show amphoteric behaviour. 

(c) Difference between a-helix and B-pleated structures 


a-helix Structure iB-pleated Structure 


If the size of R-group is 


| If size of R-group is small 
large, intramolecular 


intermolecular H-bonds 
H-bonds are formed | forms between C =O of 
between C=O of | polypeptide chain with 
molecule and NH of amino | N—H of other giving 
acid in polypeptide chain | p-pleated sheet 

that gives right handed structure, 


a-helix structure, | i.e. itis formed by the 
i.e. it is formed by the folding in more than one 


folding of a single ? 

| ; polypeptide chain due to 
polypeptide chain due to hydrogen bondina. 
hydrogen bonding. o |“ 9 ii n 


Vitamins, Nucleic Acids and Hormones 


VITAMINS 


These are the organic compounds required in small 
amounts in our diet but their deficiency causes specific 
diseases. Most of the vitamins cannot be synthesised in 
our body but plants can synthesise almost all of them, . 
Hence, vitamins are considered as essential food factors. 
All the vitamins are generally available in our diet. They 
are generally regarded as organic compounds required in 
the diet in small amounts to perform specific biological 
functions for normal maintenance of optimum growth 


and health of the organism. 


Vitamins are designated by alphabets A, B, C, D, etc. 
Some of them are further named as subgroups. 


c.g. В,,В,,В,,В,›, etc. 


Classification of Vitamins 


Vitamins are classified into two groups depending upon 
their solubility in water or fat. These are as follows : 


(i) Fat soluble vitamins These are the vitamins which are 
soluble in fat and oils but insoluble in water, These are 
vitamins A, D, E and K. These are stored in liver and 
adipose (fat storing) tissues. 


(ii) Water soluble vitamins These are the vitamins which 
are soluble in water. B groups vitamins and 


vitamin C are soluble in water, so they are grouped 
together. 


Water soluble vitamins must be supplied regularly in 
diet, because they are readily excreted in urine and 
cannot be stored (except vitamin В|) in our body. 


Biomolecules 


Name of vitamins 


Some important vitamins, their sources and deficiency di 
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seases 


Sources Deficlency diseases | | 
Vitamin A (Retinol) —— Fish liver oil, carrots, butter and milk _ Xerophthalmia (hardening of cornea of eye) and night blindness. 
Vitamin В, (Thiamine) —— — Yeast, milk, green vegetables and cereals _ . Beri-beri (paralysis of legs, loss of appetite and retarded growth) 
Vitamin B, (Riboflavin) Milk, egg white, liver, kidney ' Cheilosis (fissuring at corners of mouth and lips), digestive 
VERB mun... .,, disorders and burning sensation of the skin. 
Vitamin Be (Pyridoxine) Yeast, milk, egg yolk, cereals and grams Convulsions 
Vitamin B,; | Meat, fish, egg and сига Pernicious anaemia (RBC deficient in haemoglobin). 
_(Cyanocobalamin) ed 
Vitamin C (Ascorbic acid) - Ta | 


_ Citrus fruits, amla and green leafy vegetables 


Seu берйп of gma), 


Vitamin D (Egrocalciferol) Exposure to sunlight, 


fish and egg yolk. 


Rickets (bone deformities in children) and osteomalacia (soft m 


bones and joint pain in adults). 
Vitamin E Vegetable oils like wheat gram oil, sunflower oil, Increased fragility of RBCs and muscular weakness. 
(a-tocopherol) __ etc. 
Vitamin Н (Biotin) . ... Yeast, liver, kidney and milk, Dermatitis, skin disease, loss of hair and paralysis. 
Vitamin K (Phylloquinone) Gr 


een leafy vegetables. Increased blood clotting time. 


NUCLEIC ACIDS 


Every generation of each and every species resembles its ancestors in many ways. Actually, the nucleus of a living cell is 
responsible for the transmission of inherent characters, also called heredity. The particles in the nucleus of the cell, 
responsible for heredity are called chromosomes. These are made up of proteins and another type of biomolecules 
called nucleic acids. Nucleic acids are of two types deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). 

They are also called polynucleotides as they are made up of long chain polymers of nucleotides. 


Chemical Composition of Nucleic Acids 
On complete hydrolysis of DNA (or RNA), nucleic acid gives three different compounds: 
(i) Pentose sugar DNA molecules contain, D -D-2-deoxyribose, a sugar moiety, whereas RNA contains, B-D-ribose. 


f.-D-ribose 


p-D-2-deoxyribose 
(ii) Phosphoric acid It is the common product for both DNA and RNA hydrolysis 
(iii) Nitrogen base Nitrogen containing heterocyclic compounds called nitrogenous base. Nitrogenous bases are of two types: 
(a) Purines Adenine (A) and Guanine (G) | 
(b) Pyrimidines Uracil (U), Thymine (T) and Cytosine (C) | | 
DNA and RNA both contain three common bases; adenine (A), guanine (G) and cytosine (C). Thymine (T) is present 
in DNA but in place of thymine, RNA contains uracil (U). So, there ate four bases in each DNA and RNA. 


i = =A, С, С, О 
Le. DNA E- C,T ог RNA =A чн; о o 
2 
| С 
С HC C ZEN 
Ps ES Ho ^w 3 “е “цн нс NH 
HC | | HC | | | l alt ні С. 
С B е = „о Ss „Ху MN^ 0 
Мы MNZ N^ У “н NN е N N 
H H : * ; Uracil (U) 
Adenine (A) Guanine (G) Cytosine (C) Thymine (T) | 
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Structure of Nucleic Acids 
і.е. a pentose sugar qnautrogeneus baig 


Nucleosi Н . i А 
ide A nucleoside consists of two basic components of nucleic acids; 
the sugar carbons are numbered 


EL it is the unit in which base is attached to 1! position of sugar. In nucleosides, 
›2',3', etc., in order to distinguish these from the bases. 
' о Nitrogenous 

нон, 9 Ti 


OH OH 


Structure of nucleoside 


кн When nucleoside is linked to phosphoric acid at 5' position of sugar moiety, a nucleotide is formed. Thus, a 
nucleotide contains three basic components of nucleic acids, і.е. a phosphoric acid, a nitrogenous base and a pentose sugar. 


O Sugar 
О Nitrogenous 
base 


| 5 
сис 


Phosphate 


OH ан 


Structure of nucleotide 


Nucleotides are joined together by phosphodiester linkage between 5 and 3' carbon atoms of the pentose sugar 
А 1 5' end of chain 


3' end of chain 


When the large number of nucleotides are connected, they form nucleic acid. 


Rue 0 T 0 v 
—Sugar— O— P—O perc co n Sugar— 
‚ ОН, ‚| OH 44. 
Phosphate Phosphate 


Nucleic acid or polynucleotide 


Biomolecules 


Structure of nucleic acid can be 
studied at two levels, i.e. primary 
and secondary: 


Primary Structure 

The information regarding the 
sequence of nucleotides in the 
chain of nucleic acid is called its 
primary structure. 


Secondary Structure 


James Watson and Francis Crick 
proposed a double stranded helical 
structure for ОМА. According to 
this model, DNA consists of two 
separate polynucleotide strands 
leading in opposite directions (3' or 
5’). The polynucleotide chains of 
the double helix are held together 
by hydrogen bonds between pairs 
of bases. 


5 
Double strand helix 
structure for DNA 


The two strands are complementary to each other because 


the hydrogen bonds are formed between specific pairs of 
bases. 


Adenine of one strand is hydrogen bonded to thymine of 
the other through two hydrogen bonds whereas cytosine 
of one strand is hydrogen bonded with guanine of the 
other through three hydrogen bonds, i.e. 


A=T. and C=G 


T T 
2 hydrogen bonds 3 hydrogen bonds 


In secondary structure of RNA, helices are present which 
are single-stranded but sometimes they fold back on 
themselves to form a double helix structure. 


RNA molecules are of three types, i.e. messenger RNA 
(mRNA), ribosomal RNA (rRNA) and transfer RNA 
(rRNA). They all perform different functions. 


DNA Fingerprinting 
Each and every individual has unique fingerprints which 


are present on the tips of the fingers and have been used 
for the identification purposes. 

A sequence of bases on DNA is also unique for a 

Я and information regarding this, is called DNA 
fingerprinting. 

The sequence on DNA is same for each and every cell of 
a body and hence, these sequence cannot be altered. 
Technique of DNA fingerprinting 1s used in the 
following ways: 


(i) To determine the paternity of an individual. 
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(ii) To identify the racial groups to understand biological 
evolution better. 

(iii) In forensic laboratories, for the identification of criminals. 

(iv) To identify dead bodies in case of an accident by 
comparing the DNAs of parents and children. 


Note Dr. Har Gobind Khurana shared the Nobel prize for medicine 


and physiology in 1968 with Marshall Nirenberg and Robert Holley for 
cracking the genetic code. 


Biological Functions 
of Nucleic Acids 


The important biological functions of nucleic acids are 
given below : 


(i) Heredity DNA serves as the chemical basis of heredity 
and may be considered as reserve of genetic 
information. 

DNA is mainly responsible for maintaining the 
identity of different species over millions of years. 

(ii) Replication A DNA molecule is capable of self 
duplication (generally called replication) during cell 
division and identical DNA strands are transferred to 

' daughter cells. 

(iii) Protein synthesis It is an important function of 
nucleic acids in the cell. Actually, the proteins are 
synthesised by various RNA molecules in the cell but 

' "the message for the synthesis of a particular protein is 
present in DNA. The synthesis of RNA by the DNA 
to conduct the message is called transcription, and 
synthesis of protein by these RNA is called 
translation, 

The biological functions of nucleic acids can be 
concluded as central dogma of the molecular biology 
and can be represented as below. 


Replication (ok A 


HORMONES 


These are the chemical substances, produced by endocrine 
glands in the body and are released directly in blood 
stream. From here, these are transported to the site of their 
action. These act as intercellular messengers and control 
various ody functions. Different endocrine glands which 
produce hormones are thyroid, pituitary, pancreas, testes 
and ovaries. 


Transcription 


Translation 
— 


КМА — — —— Protein 


Classification of Hormones 

On the basis of chemical constitution, the hormones are | 
mainly divided into two classes, i.e. steroid and non-steroid 
hormones. ' 
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(i) Steroid hormones The compounds which are the 
derivatives of four ring systems and consisting of 
three cyclopentane rings are called steroids. Sex 
hormones, bile acids, etc., are steroid hormones. 

> Steroid hormones can be further classified as sex 
hormones and adrenocortical hormones. 


(a) Sex hormones Sex hormones are mainly of three 
types, i.e. male sex hormone or androgen, female 
sex hormone or estrogen and pregnancy 

` hormone or progesterone. Female sex hormone is 
responsible for the development of secondary 
female characteristics and participates in the 
control of menstrual cycle. Progesterone is 
responsible for preparing the uterus for the 
implantation of fertilized egg. 

(b) Adrenocortical hormones or corticosteroids These 
hormones are involved in the regulation of large 
number of biological activities such as | 
carbohydrates, proteins and lipid metabolism, etc. 


TOPIC PRACTICE З |: 


OBJECTIVE Type Questions 


1. Which ofthe following is a fat soluble vitamin? 


(a) Vitamin A (b) Vitamin B, 

(c) Vitamin C (d) Vitamin B, 
2. Ascorbic acid is 

(a) protein (b) enzyme 

(c) hormone (d) vitamin C 


3. Which of the following disease is caused by, the 
deficiency of vitamin E? 


(a) Beri-beri (b) Rickets 
у" (с) Scurvy (9) Muscular weakness 

4. Disease caused due to deficiency of vitamin C is 
(a) beri-beri 
(b) night blindness 
(c) T.B. 
(d) scurvy 

5. Which of the following acids is a vitamin? 

NCERT Exemplar 

(a) Aspartic and (b) Ascorbic acid 
(c) Adipic acid (d) Saccharic acid 


6. Nucleotides are composed of a CBSE 2021 (Term I) 
(a) pentose sugar and phosphoric acid 
(b) nitrogenous base and phosphoric acid 
(c) nitrogenous base and a pentose sugar 
(d) nitrogenous base, a pentose sugar and phosphoric acid 
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(ii) Non-steroid hormones These hormones do not 
contain steroid ring. 
They are further classified as protein or 
peptide hormone, amino acid derivative or amine 
hormones. 
An example of this type of hormone is insulin, 
secreted by pancreas, its function is to lower the 
blood sugar level by increasing the rate of conversion 
of glucose into glycogen. 


Functions of Hormones 


(i) They help to maintain the balance of biological 
activities in the body. 

(ii) Growth hormone and sex hormone play an 
important role in growth, development and 
reproduction. 

(iii) Sex hormones are also responsible for the 
development of secondary sexual characters. 


7. Select the base which is not common between 
DNA and RNA. . 
(a) Adenine (A) (b) Guanine (G) 
(c) Cytosine (C) (d) Thymine (T) 

8. Nucleic acids are the polymers of NCERT Exemplar 


(b) nucleotides 
(d) sugars 


VERY SHORT ANSWER Type Questions 


9. Why cannot vitamin C be stored in our body? 


(a) nucleosides 
(c) bases 


NCERT Intext 
Or Why must vitamin C be supplied regularly in the 
diet? NCERT Exemplar 


10. Name the deficiency diseases resulting from 
lack of vitamins А апа E in the diet. Delhi 2013 


ЇЇ. Write the name of disease caused by the 
deficiency of vitamin B,,. All India 2015 . 
12. Deficiency of which vitamin causes scurvy? 
All India 2014 
13. Deficiency of which vitamin causes rickets? 
Delhi 2014 
Or Write the name of vitamin whose deficiency 
causes bone deformities in children. Delhi2015 


14. A vitamin is soluble in water and its deficiency in 
the body causes beri-beri. Identify the vitamin. 


т „molecules 


5. Name the base that iş 
DNA? 


6. Define nucleotides. 
ff. Name two fat soluble yj 


Present in RNA and not in 


$. Deficiency of which vita 


: min cau 
xerophthalmia and che фы 


lolosis? Give its sources 


20. Why does nucleic acids are called 
polynucleotides? 


11. Aman is suffering from musc 


fragility of RBCs. Which kind 
he increase? 


ular weakness and 
of food intake should 


22. Name the base that is found in the nucleotide of 
RNA only. All India 2014 


SHORT ANSWER Type I Questions 


23. In nucleoside, a base is attached at 1 position of 
sugar moiety. Nucleotide is formed by linking of 
phosphoric acid unit to the sugar unit of 
nucleoside. At which position of sugar unit is the 
phosphoric acid linked in a nucleoside to give a 


nucleotide? NCERT Exemplar 
24. Name all the bases present in RNA and DNA? 


25. What products would be formed when a 
nucleotide from DNA containing thymine is 
hydrolysed? NCERT Intext 


26. What are the different types of RNA molecules 


which perform different functions? Delhi 2013 
Or What are the different types of RNA found in the 
cell? NCERT 


quy 


27. Mention the biological importance of insulin. 
28. Why are vitamins A and C essential to us? Give 
their important sources. NCERT 
29. The two strands of DNA are not identical but are 
complementary. Explain. NCERT 
30. write the important structural and functional 
differences between DNA and RNA. 
NCERT; Delhi 2013 


31. What is the difference between hormones and 
vitamins? 


SHORT ANSWER Туре II Questions 


32. (i) Write the structural difference between starch 
and cellulose. | 
(ii) What type of linkage is present in nucleic acid? 
(iii) Give one example each for fibrous protein and 
Globular protein. All India 2016 
33. How are vitamins classified? Name the vitamin 
responsible for the coagulation of blood. NCERT 


34. What are nucleic acids? Mention their two 
important functions. 


NCERT 
35. What is the difference between a nucleoside and 
a nucleotide? NCERT 


36. 1 (i): Write the name of two monosaccharides 
obtained on hydrolysis of lactose sugar. 
(ii) Why vitamin C can not be stored in our body? 
(iii) What is the difference between a nucleoside 
and nucleotide? Delhi 2020, 2016 
37. (i) What type of linkage is present in 
disaccharides? 
(ii) Write one source and deficiency disease of 
vitamin Bj». 
(iii) Write the difference between DNA and RNA. 
Delhi2017 C 


HINTS AND EXPLANATIONS 


1, (a) Vitamin A is a fat soluble vitamin. It is insoluble in 
water. Fat soluble vitamins are A, р E and К. 

2. (4) Vitamin С is called ascorbic acid. | 

3. (d) Muscular weakness is caused by the deficiency of 
vitamin E. | 

4. (d) Due to deficiency of vitamin C, gums start bleeding, 
this is scurvy disease. uu 

idi i me of vitamin C. 
à oo. Ше earns acid is an amino 


Whil not vitamins, ASpar | 
' acid. aadi is a dicarboxylic acid having 8 carbon 


chain. Saccharic acid is a dicarboxylic acid obtained by 
oxidation of glucose using HNO,. 


6. (d) Nucleotides are composed of a nitrogenous base, a 
pentose sugar and phosphoric acid. 


7. (d) DNA contains four bases, i.e. Adenine (A), Guanine 
(G) Cytosine (C) and Thymine (T). RNA also contains 
four bases, the first three bases are same as in DNA, but 
the fourth one is uracil (U). 


8. (b) Nucleic acids are polymer of nucleotides in which 
nucleic acids are linked together by phosphodiester linkage. 
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18. 


19 


20. 
21. 
22. 
23. 


24. 
25. 


‚26. 


27. 


28. 
29. 


30. 


Base Base Base 


Se ntn ei onte) ы 
n 


e.g. DNA, RNA etc. 


Vitamin C cannot be stored in our body because vitamin 
C is soluble in water, it excreted readily in urine and 
hence, cannot be stored in the body. Thus, vitamin C 
must be supplied regularly through diet. 

Deficiency disease due to vitamin A-Night blindness. 


ые disease due to vitamin E-absorption of dietary 
at. 


Pernicious anaemia 
Deficiency of vitamin C causes scurvy. 
VitaminD 14. Vitamin B, (Thiamine) 15. Uracil. 


When nucleoside is linked to phosphoric acid as 

5’ position of sugar moiety, a nucleotide is formed. 

Vitamin A and D are fat soluble vitamins. 

Source of Vitamin-A = Carrots, milk; 

Deficiency disease: Night blindness 

Source of Vitamin-D = Fish, egg yolk ; 

Deficiency disease: Rickets 

Xerophthalmia is caused by vitamin-A while cheiolosis 

is caused by vitamin D. nec 

Because it is a water soluble vitamin. p 

They are made up of long chain polymers of nucleotides. 

He should increase in take of vegetable oils. 

Uracil base is found in the nucleotide of RNA ошу. 

Phosphoric acid unit is linked at 5’ position of sugar ` 

moiety of a nucleoside to form nucleotide. 

Refer to text on page 423. 

Complete hydrolysis of DNA containing thymine yields 

a pentose sugar ( B-D-2-deoxyribose), phosphoric acid 

and nitrogeneous base thymine. di 

Three different types of RNA molecules are as follows: 

(i) Messenger RNA (m RNA) (ii) Transfer RNA (tRNA) 
(iii) Ribosomal RNA (r RNA) 


Controls the metabolism of glucose in the body and 
maintains glucose level in the blood. 

Refer to text on page 422. 

Refer to text on page 425. 


Structural differences The main structural differences 

between DNA and RNA are as follows 

(i) The sugar moiety present in DNA is 
B-D-2-deoxyribose, whereas in RNA molecule, it is 
B-D-ribose. 

(ii) DNA has a double stranded helical structure, while 
RNA has a single stranded helical structure. 

(iii) DNA contains cytosine and thymine as pyrimidine 
bases, whereas RNA has cytosine and uracil as 
pyrimidine bases. 

Functional difference DNA controls the 
transmission of hereditary effects while RNA 
controls the synthesis of proteins. 
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31. The main points of differences are listed below : 


Vitamins 


(i) They are produced in They are not produced in the body, 
the ductless have to be supplied in food (except 
(endocrine) glands, e.g. vitamin D which may be supplied in 
testes of males and the food or produced in skin by 
ovaries of females. irradiation, of sterols present in oils 
and fats, with UV light). 
They are not stored іп They may remain stored (except 
the body but are vitamin C and Some vitamins of 


continuously produced. group B) to fight against the 
diseases. 


Hormones 


(i 


— 


32. (i) Starch is a disaccharide of two components amylose 


and amylopectin, both are made of D-glucose units 
linked through a-glycosidic units. Amylose is water 
soluble while amylopectin is not. 

Cellulose on the other hand is a polymer of straight 
chain B-D-glucose which consist about 300-3000 units 
of glucose. | 

(ii) Phosphodiester-linkage. 

(iii) Fibrous protein —> Keratin 

Globular protein —9 Insulin. 


33. Classification of vitamins Refer to text on page 422. 


Vitamin К is responsible for coagulation of blood. 


34. Refer to text on pages 423 and 425. 
35. Refer to text on page 424. 


36. (i) D-glucose and D-galactose. 


(ii) Since, vitamin-C is a water soluble vitamin, it is 
excreted out through urine, hence cannot be stored. 

(ii) Nucleoside A unit formed by the attachment of a 
base to 1' position of sugar known as nucleoside. 


y 
HO — H;C o Base 


OH OH 
(Nucleoside) 


Nucleotide When nucleoside is linked to phosphoric 
acid at 5’ position of sugar moiety, a nucleotide is 
obtained. They are joined together by phosphodiester 


linkage between 5’ and 3’ carbon atoms of the pentose 
sugar. 


_ | 5' 
0—PR-0— Hé 


OH OH 
(Nucleotide) 


37. (i) Glycosidic linkages. 


(ii) Refer to text on page 423. 
(iii) Refer to text on pages 423. 


SUMMARY 


Carbohydrates are the polyhydroxy aldehyde or ketones. They are 
called hydrates of carbon and have general formula of C ,(H;0). 

Monosaccharides are the simplest carbohydrates, e.g. glucose, 

fructose etc. 


Oligosaccharides are made up of 2-10 monomer 
monosaccharide units, e.g. sucrose, lactose etc. 


Polysaccharides are made up of more than 10 monomer units, 
e.g. glycogen, starch, cellulose etc. 


Carbohydrates having free functional group aldehyde or ketone 
reduce Fehling's solution and Tollen's reagent and thus are called 
reducing sugars. 


Glucose (C,H,,0,) is an aldohexose, as it has aldehydic group and 
six C-atoms, dextrorotatory in nature and is also called dextrose. 
Itcan be prepared by hydrolysis of cane sugar (sucrose) and starch. 
Cyclic structure of glucose resembles to pyran and hence it is also 
called glucopyranose. 

Glucose oxidises with Br, water to give gluconic acid and with 
HNO, to give glucaric acid. 

It reduces both Fehling's solution and Tollen's reagent also forms 
osazone upon reaction with phenyl hydrazine. 

Fructose (С.Н,;0,) is a ketohexose and differs from glucose by 
having keto group instead of aldehyde group (as in glucose). 


Natural fructose (laevulose) is laevorotatory and can be prepared 
by hydrolysis of inulin or sucrose. Its cyclic structure resembles 
with furan, hence also called fructofuranose. 

Sucrose is disaccharide of glucose and fructose monomer. 


The two monomer units in a disaccharide (or in any polysaccharide) 
is joined by a linkage called glycosidic linkage. 

Solution of sucrose is dextrorotatory but that of its hydrolysed 
product (glucose + fructose) is laevorotatory. This observation is 
called inversion of cane sugar. | 

Proteins are the polymers of a-amino acids. 

Amino acids are essentialy formed of two functional groups called 
amino (—NH,) group and carboxyl (—COOH) group. 

Amino acid forms Zwitter ion, in which both positive and negative 
charges are present but molecules acts as a neutral one. 

Amino acid that cannot be synthesised body and is required to be 
taken in our diet is called essential amino acid, e.g. val, leu, lys etc. 
The linkage that connects two amino acids is called peptide (or 
amide) bond. 

‘Amino acid through peptide linkage form polypeptide (upto 100 
amino acids) which further link to form protein, 

Primary structure of protein is simply the formation of peptide 
bond between amino acids to form peptide. 


« Secondary structure form three dimensional configuration сї 
peptide chains involving H— bonds 

» Tertiary structure defines overall shape of a protein molecules. ft 
involves H-bond, ionic bond, disulphide bong and hycrophocic 
bond. 

* Quaternary structure involve assembling of two of more 
polypeptide chains. It involves H-bond. ionic bond and 
hydrophobic bond. 

2 Fibrous proteins are elongated and insoluble in wafer, 2.5. 
keratin, collagen etc 

:a Globular proteins are spherical and soluble in water, е 9. 
myoglobin, albumin etc. 

a Enzymes are made up of proteins and act as а biccatalysts. 

» The optimum temperature for working of enzymes is 37°(318 K) 
and optimum pH is 7.4. 

* Vitamins are small organic molecules that are required for the 
proper functioning of the cell. 

= Water soluble vitamins include vitamin B and vitamin C, vitamin А, 
D, E and K are fat soluble. 

a Nucleic acids include DNA (deoxyribonucleic acid) and RNA 
(ribonucleic acid). These are composed сі nitregenecus base, 
sugar and phosphate group 

= Sugar and nitrogeneous base are combinely called nuclecside. 
where nucleoside and phosphate group is combinely called 

nucleotide. Therefore, nucleic acids are also called 
polynucleotides. 

* Nitrogeneous bases are of two types : Purine - adenine (A) and 
guanine (б) Pyrimidine-cytosine (C), thymine (T) and uracil (U) 

* The primary structure of nucleic acids is formed by nucieotides 
joined by the phosphodiester linkage. 

ь The secondary structure of nucleic acid is the coded contigurabon 
of polynucleotidic chain, with the help ot H-bonds. 

* The two strands of DNA are complementary where adenine of one 
strand is connected to thymine (T) of the other one. While cytosine 
(C) of one strand is connected to guanine (С) of the other опе. 

* DNA and RNA replicate themselves to carry genetic information to 
next generation. DNA and RNA are also involved in protein 
synthesis. 

* Hormones are the chemical substance secreted by ductless 
glands. These participate in biochemical reactions and control 
physiological process. 

* Steriodal hormones include sex hormones and corticoids while 
non-steroid hormones include peptide hormone (insulin glucogen, 


oxytocin etc.) and amino acid derivatives (thyroxine, adrenaline 
elc). 


CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 


1 Name the reagent and condition required for 


CASE BASED Questions 
Case | 


carrying out of the following reaction. 
CHO 


(CHOH), — CH;-( CHz3CH; 
n-hexane 
CH,OH 


(a) HF (b) HCl 
What happens to the glucose on heating with 
Fehling's solution? 
(a) Oxidation 

(c) Decomposition 
Pyridoxin is also known as 

(a) vitamin В, (b) vitamin Bg 

(c) vitamin Bj; (d) vitamin B, 

Which of the following vitamin is responsible 
for beri-beri disease? 


(c) HBr (d) HI 


(b) Reduction 
(d) Condensation 


(d) D 


(a) A (b) B, (c) K 
Match the following columns. 
Column I Column II 
A. Amino acids "A. Protein. | 
В. Thymine » 2. Nucleic acid 
С. Insulin 3. DNA | 
D. Phosphodiester linkage | 4 — Zwitter ion | 
E. Uracil 
Which of the following is the best matched 
options? CBSE SQP (Term I) 
Codes 
A В С Рр АВ С D 
а)1 4 3 2 (b)4 3 1 2 
(д4 4 1 2 (di 3 4 2 
The bases that are common in both DNA and 
CBSE 2021 (Term I) 


RNA are 

(a) adenine, guanine and cytosine 
(b) adenine, guanine and thymine 
(c) adenine, uracil and cytosine 
(d) guanine, uracil and thymine 


Adenosine triphosphate (ATP) is the energy-carrying molecule 
found in the cells of all living things. ATP captures chemical 
energy obtained from the breakdown of food molecules and 
releases it to fuel other cellular processes. ATP is a nucleotide 

structures: the nitrogenous base, 


that consists of three main ^ 
adenine; the sugar, ribose; and a chain of three phosphate groups 


bound to ribose. 
The phosphate tail of ATP is the actual power source which the 
cell caps. Available energy is contained in the bonds between the 
phosphates and is released when they are broken, which occurs 
through the addition of a water molecule (a process called 
hydrolysis). Usually only the outer phosphate is removed from 
ATP to yield energy; when this occurs ATP is converted to 
adenosine diphosphate (ADP), the form of the nucleotide 
having only two phosphates. 
The importance of ATP (adenosine triphosphate) as the main 
source of chemical energy in living matter and its involvement 
in cellular processes has long been recognized. The primary 
mechanism whereby higher organisms, including humans, 
generate ATP is through mitochondrial oxidative 
phosphorylation. For the majority of organs, the main 
metabolic fuel is glucose, which in the presence of oxygen 
undergoes complete combustion to SO, and H;O: 
C,H,,0, +60, —9 60, +6H,0+ Energy 
The free energy (AG) liberated in this exergonic (AG is 
negative) reaction is partially trapped as АТР in two 
consecutive processes: glycolysis (cytosol) and oxidative 
phosphorylation (mitochondria). The first produces 2 moles 
of ATP per mole of glucose, and the second 36 moles of ATP 
per mol of glucose. Thus, oxidative phosphorylation yields 
17-18 times as much useful energy in the form of ATP as can 
be obtained from the same amount of glucose by glycolysis 
alone. 
The efficiency of glucose metabolism is the ratio of amount of 
energy produced when 1 mols of glucose oxidised in cell to the 
enthalpy of combustion of glucose. The energy lost in the 
process is in the form of heat. This heat is responsible for 
keeping us warm. 


Biomolecules 


The following questions are multiple choice questions, Choose 
the most appropriate answer : 


7. Cellular oxidation of glucose is a: 
(a) spontaneous and endothermic process 
(b) non-spontaneous and exothermic process 
(c) non-spontaneous and endothermic process 
(d) spontaneous and exothermic process 


- What is the efficiency of glucose metabolism if 1 
mole of glucose gives 38 ATP energy?(Given: 
The enthalpy of combustion of glucose is 686 


kcal, | 
1 ATP = 7.3 kcal) 
(a) 100% (b) 38% (c) 62% (4) 80% 


9. Which ofthe following statement is true? 
(а) ATP is a nucleoside made up of nitrogenous bas 
adenine and ribose sugar. | 
(b) ATP consists the nitrogenous base, adenine and the 
sugar, deoxyribose. i | 
(с) ATP is a nucleotide which contains a chain of three 
phosphate groups bound to ribose sugar. 


(d) The nitrogenous base of ATP is the actual power 
source. 


10. Nearly 95% of the energy released during 
cellular respiration is due to 
(a) glycolysis occurring in cytosol 
(b) oxidative phosphorylation occurring in cytosol 
(c) glycolysis in occurring mitochondria 
(d) oxidative phosphorylation occurring in 
mitochondria 


11. Which of the following statements is correct ? 

(a) ATP is a nucleotide which has three phosphate 
groups while ADP is a nucleoside which three 
phosphate groups. 

(b) ADP contains a nitrogenous bases adenine, ribose 
sugar and two phosphate groups bound to ribose. 

(c) ADP is the main source of chemical energy in living 
matter. | 

(d) ATP and ADP are nucleosides which differ in 

“number of phosphate groups. 


Case Il 

EVIDENCE FOR THE FIBROUS NATURE OF DNA 
The basic chemical formula of DNA is now well 
established. As shown in Figure 1 it consists of a very 
long chain, the backbone of which is made up of 
alternate sugar and phosphate groups, joined together in 
regular 3' 5' phosphate di-ester linkages. 
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То cach sugar is attached a nitrogenous base, only four 
different kinds of which are commonly found in DNA. 
Two of these — adenine and guanine — are purines, and 
the other two — thymine and cytosine — are pyrimidines. 
A fifth base, 5-methyl cytosine, occurs in smaller amounts 
in certain organisms, and a'sixth, 
5-hydroxy-methyl-cytosine, is found instead of cytosine 

in the T even phages (Wyatt and Cohen, 1952). 


It should be noted that the chain is unbranched, a 
consequence of the regular internucleotide Jinkage. On 
the other hand the sequence of the different nucleotides 
is, as far as can he ascertained, completely irregular. Thus, 
DNA has some features which are regular, and some 
which are irregular. 


A similar conception of the DNA molecule as Aided by a 
Fellowship from the National Foundation for Infantile 
Paralysis. 


Long thin fiber is obtained from physico-chemieal 
analysis involving sedimentation, diffusion, light 
scattering, and viscosity measurements. These techniques 
indicate that DNA is a very asymmetrical structure 
approximately 20 A wide and many thousands of 
angstroms long. 

Estimates of its molecular weight currently center 
between 5 x 10° and 107 (approximately 3 x 10° 


' nucleotides). Surprisingly each of these measurements 


tend to suggest that the DNA is relatively rigid, a 
puzzling finding in view of the large number of single 
bonds (5 per nucleotide) in the phosphate-sugar back- 
D.N.A. 
BASE—SUGER ^ 
PHOSPHATE 
BASE—SUGER 
PHOSPHATE 
BASE—SUGER 
PHOSPHATE 
BASE—SUGER 
PHOSPHATE 
BASE—SUGER 


Chemical formula (diagrammatic) of a single chain of 
deoxyribonucleic acid. 


12. Purines present in DNA are 
(a) adenine and thymine 
(b) guanine and thymine 
(c) cytosine and thymine 


(d) adenine and guanine 


13. DNA molecule has ....... internucleotide linkage 


and ...... sequence of the different nucleotides. 
(a) regular , regular 


(b) regular , irregular 
(с) irregular , regular 
(d) irregular , irregular 


F32 


H1. DNA has a....... backbone. 

(a) phosphate -purine 

(b) pyrimidines- sugar 

(c) phosphate- sugar 

(d) purine- pyrimidine 

Out of the four different kinds of nitrogenous 
bases which are commonly found in DNA, ........ 
has been replaced in some organisms. 

(a) adenine 

(b) guanine 

(c) cytosine 

(d) thymine 


Case Ill 


Carbohydrates are polyhydroxy aldehydes or ketones 
and are also called saccharides. Glucose is an example of 
monosaccharides. Glucose (C; H,.O¢ ) is an aldohexose 
and its open chain structure was assigned on the basis of 
many reactions as evidences like presence of carbonyl 
group, presence of straight chain, presence of five 
—OH groups etc. Glucose is correctly named as 
D-(+)-glucose. Glucose is found to exist in two different 
crystalline forms which are named as a and f. Despite 
having the aldehyde group, glucose does not give 2, 
4-DNP test. CBSE 2021 (Term I) 


The following questions are multiple choice questions. Choose 
the most appropriate answer : 


16 Which of the following represents 
D-(+)-glucose? 


15, 


CHO CHO 
H H H OH 
H OH H H 
(a) H OH (b) H OH 
HO H H OH 
CH4OH CH,OH 
CHO CHO 
H OH H OH 
H OH H H 
© н OH (d н OH 
HO H H H 
CH,OH CH,OH 


17 


Glucose on oxidation with HNO, gives a 

dicarboxylic acid called saccharic acid, This 

result validates the fact that glucose possesses 

(a) —CHO group 

(b) —OH group 

(c) a straight chain 

(d) both — CHO and — CH,OH groups at the 
terminals of the chain 


| Allénone | CHEMISTRY Class 194}, 


glucose does not react with 


tate of 
18. The pentaace ce af 


H;N —OH indicating the absen 
(a) -OH group 

(b) -CHO group 

(c) -COOH group 

(d) - CH;OH group 


Case IV 


Glucose is an aldohexose. It can occur freely as well as їп 
combined form in the nature. It is present in sweet fruits 
and honey. It is also present in quantities 1n пре grapes. As 
glucose is an aldohexose, it consists of six C-atoms and an 
aldehyde group. 
It is a most abundant organic compound on the earth and 
used as an immediate source of energy for all metabolic 
reactions in the animals. M 
It was found that glucose forms a six membered ring in 
which —OH at C-5 is involved in the ring formation. The 
cyclic six membered structure of glucose is known as | 
pyranose structure. It is analogous to pyran which is a cyclic 
organic compound. with one oxygen atom and five carbon 
atoms in the ring. 
In the question that follow Assertion and Reason are given. 
Reason is purported to the explaination for Assertion. Study 
carefully and then mark your answers, according to the codes 
given below. 
Marks your answer as : 

(a) Both (A) and (R) are true and (R) is the correct 

explanation of (A). 
(b) Both (A) and (R) are true but (R) is not the correct 
explanation of (A). 
(c) (A) is true but (R) is false. 
(d) (A) is false but (R) is true. 


Assertion Glucose can be prepared from sucrose. 


Reason CH0, + H,O— > CH40, + CoH 20, 


Sucrose Glucose Fructose 
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20 Assertion The aldehyde group is absent in the 


pentacetate of D-glucose? 
Reason It has ketone group. 


Or Assertion When glucose is treated with HI from 
hexane. Lean 
Reason Due to presence of amine acids. 
Assertion The saccharic acid formed when 
glucose undergoes oxidation. 

Reason Due to presence of amino acids. 
Assertion The glucose has structure of 
open-chain. 


Reason — COOH at the end of chain. 


21 


22 
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ASSERTION and REASON 


а Directions (О. Nos. 23-28) In the following questions. an 
Assertion (A) is followed by a corresponding Reason (R) Use 
the following keys to choose the appropriate answer. 
(a) Both (A) and (R) are correct, (R) is the correct 
explanation of (A). 
(b) Both (A) and (R) are correct, (R) is not the correct 
explanation of (A). 
(c) (A) is correct; (R) is incorrect. 
(d) (A) is incorrect; (R) is correct, 


23 Assertion The two strands are complementary 
to each other. CBSE SQP 2021 
Reason The hydrogen bonds are formed 
between specific pairs of bases. 

24 Assertion (A) The coagulation of egg white 
occur on boiling. 


Reason (R) Denaturation of protein is occur 
when its native form is subjected to physical 
change or chemical change. 

25 Assertion (A) In the presence of enzyme, 
substrate molecule can be attacked by the 
reagent effectively. 

Reason (R) Active sites of enzymes hold the 
substrate molecule in a suitable position. 

26 Assertion (A) Vitamins A, D, E and K are stored 
in liver and adipose tissue. 

Reason (R) Vitamins A, D, E and K are soluble in 
fats and oils. 

27 Assertion (A) The two strands of DNA are 
complementary to each other. 

Reason (R) Adenine forms hydrogen bonds with 
guanine and thymine forms hydrogen bonds 
with cytosine. 

28 Assertion (А) When RNA is hydrolysed, there is 
no relationship among the quantities of different 
bases obtained. 


Reason (R) RNA molecules are of three types 
and they perform different functions. 


VERY SHORT ANSWER Type Questions 


29 Whatis inversion of sugar? 
30 Name two carbohydrates that are branched 
polymers of glucose. 
31 Inrepresentation of D-(*)-glucose, what does 'D' 
represents? 


32, How do amino acids form proteins? 
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33 · Name the protein and its shape which is present in 
muscles. 


34 What type of proteins acts as enzymes? 
35 Which of the following biomolecule is soluble in 
water? collagen, myosin and albumin 


36 What type of interactions stabilises p-pleated 
keratin structure? 


37 What type of interactions stabilises the fibrous proteins? 
38 Which enzyme converts glucose into ethyl alcohol? 


39 Deficiency of which vitamin causes osteomalacia? 


SHORT ANSWER Type I Questions 


40 Name and define the linkage connecting 
monosaccharide units in a polysaccharide. 
41 Amylopectin and glycogen both have branched 
structures. How do they differ from one another? 


42, Why do proteins form an indispensable part of our 
food? 


43 (i) Name an amino acid which is optically active. 


(ii) Draw the Zwitter ion of an essential amino acid 
- which contains phenyl ring. 


Mention the type of linkages responsible for the 
formation of the following: 


(i) Primary structure of proteins 
(ii) a-helix formation 
(iii) B-pleated sheet structure 
45 Why does a native protein loses its biological 
activity on heating ? 


46 What role do enzymes have in the functioning of 
our bodies? 


47 Name the chemical components which constitute 


nucleotides. Write any two functions of nucleotides 
in a cell. 


SHORT ANSWER Type lI Questions 


48 (i Whatisthe biological effect of proteins on 
denaturation? 


(ii) Amylase present in the saliva becomes inactive 
in the stomach. Give reason. 


49 


Write the four characteristic features of enzymes, 


Name a disease which is caused by the deficiency 
of a particular enzyme. 


50 (i) Which vitamin is concerned with antisterility? 


(ii) Write the chemical name of B, and name the 
disease caused by its deficiency. 


51 (i) Explain the role of nucleic acids in replication. 
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(ii) Name the types of bases in nucleotides of RNA. 


LONG ANSWER Type Questions 


52 Acompound A(C,H,,0,) is oxidised by bromine 
water into monobasic acid. It also reduces 
Tollen's reagent and reacts with HCN to give a 
compound B which on hydrolysis gives a 
compound С. On treating C with HI/red P, 
n-heptanoic acid is obtained. Compound A on 
treatment with excess phenyl hydrazine gave 
D-glucoszone. Name the compound A and draw 
its cyclic from. 


| ANSWERS | 


1(d 2(a) 30 40 5b) 6 @d) 

7 (а) Cellular oxidation of glucose is a catabolic pathway 
during which six carbon glucose molecule is split into 
two 3 carbon sugars which are then oxidised and 
rearranged by a stepwise metabolic process that . 
produces two molecules of pyruvic acid: It is 
spontaneous and exothermic process. a 

8 (b) Energy of 1 ATP =73kcal | 
Energy of 38 ATP =73 х 38= 262 kcal 
Energy of glucose = 686 kcal 
Thus, the efficiency of glucose metabolism is 


2262 х 100 =38% ` 
686 


9 (c) ATP is a nucleotide which contains a chain of three 
phosphate groups bound to ribose sugar. ` 


Complete structure is as follows 
NH; 
N 
SEN CI 7) 
е чү! О М 2 
OH OH OH 
OH OH 


10 (d) Nearly 95% of the energy released during cellular 
respiration is due to mitochondrial oxidative 


phosphorylation. 
11 (b) ADP contains a nitrogenous bases adenine, ribose 
sugar and two phosphate groups bound to ribose. 


12 (d) Adenine and guanine are two purine base present in 
DNA. Structure as follows 


МН, (e 
A N HS N 
XY pm XX т: 
N HN N 
\ i \ 


Adenine H Guanine H 


13 
14 


15 


16 
19 


20 


Or 


21 
22 


23 


24 
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has regular internucleotide linkage 
f different nulceotides as far as 
gular. 


(b) DNA molecule 
and the sequence o | 
ascertained and completely irre 


(c) Backbone of DNA is made up of alternate sugar and 
phosphate groups, joined together in regular 3'5 
phosphate di-ester linkages. 

(c) Cytosine has been replaced in some organisms, is 
commonly found in DNA. 5 methylcytosine and | 
5-hydroxymethylcytosine is found instead of cytosine in 
the T even phases. 

(b) 17 (b) 18 (®) 

(a) Both (A) and (R) are true and (R) is correct 
explanation of (A). 
(c) The pentacetate of glucose does not react with 
hydroxyl amine (МН,ОН) which shows that aldehyde 
(—CHO) group is not present in glucose pentacetate. 


Only (A) is correct. 
(е) n-hexane is formed. 
CHO 
HI 
CH4(CH,),CH, . 
(CHOW, red P, 100°C (СН! 4 
CH,OH 
Glucose 
Only (A) is correct. 
(c) Only (A) is correct. 
(c) Open chain strcuture of glucose is 
CHO 
H—C—OH 
| 
HO—C—H 
| 
Amen 
Жж: 
CH,OH 


Only (A) is correct. 
(a) The two strands of DNA are complementary to each 
other because the hydrogen bonds are formed between 
specific pairs of bases. Adenine of one strand is 
hydrogen bonded to thymine of the other through two 
hydrogen bonds whereas cytosine of one strand is 
hydrogen bonded with guanine of the other through 
3 hydrogen bonds. 

A—T and С=с 


#— 


2 hydrogen bonds 3 hydrogen bonds 


е both Assertion and Reason are correct and 
eason is the correct explanation of Assertion. 


ү} When а protein in its native form is subjected to 
physical change like change in temperature or chemical 
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25 


26 


27 


28 


29 


30 


change like chan 


ge in pH, the hydrogen bonds are 
disturbed. 


Due to this, globules unfold and helix get uncoiled and 
protein loses its biological activity. This is called 
denaturation of protein. The coagulation of egg white 
on boiling is the common example of denaturation. 
Thus, both (A) and (R) are correct explanation of (A). 


(a) In the presence of an enzyme, substrate molecule can 
be attacked by the reagent effectively because active sites 
of enzymes hold the substrate molecule in a suitable 
position. Thus, both (A) and (R) are correct explanation 
of (A). 

(b) Some vitamins are soluble in fat and oils but 
insoluble in water. These are vitamins A, D, E and K. 
They are stored in liver and adipose (fat storing) tissues. 
Hence, Both (A) and (R) are correct but (R) is not the 
correct explanation of (A) 


(c) Two strands of DNA are complementary to each other 
because the hydrogen bonds are forme 
pairs of bases, 

Adenine forms hydrogen bonds with thymine whereas 
cytosine forms hydrogen bonds with guanine. Hence, 
(A) is correct but (R) is incorrect. 
(b) When RNA is hydrol 
among the quantities of 


d between specific 


ysed, there is no relationship 


four different bases obtained 
because in RNA, the bases don't occur in pairs as it is a 


single stranded strcuture. RNA molecules are of three 
types and they perform different functions. They are 
named as messenger RNA (m-RNA), ribosomal RNA 
(r-RNA) and transfer RNA (t-RNA). Thus, both A and R 
are correct but R is not the correct explanation of А. 


Sucrose on hydrolysis give equimolar mixture of 
D-(+)-glucose and D-(-)-fructose known as invert sugar 
and the process is called as inversion of sugar. 


Glycogen and amylopectin. | 


31 'D' represents the confinguration. 
32 More than 100 amino acid residues are joined together by 
peptide linkage to form a linear chain polymer (protein). 
33 Fibrous protein (myosin). 
34 Globular proteins 35 Albumin 
36 Intermolecular hydrogen bonding stabilises -pleated 
keratin structure. 
37 They are held together by hydrogen and disulphide bonds. 
38 Zymase enzyme. 
39 Deficiency of vitamin-D causes Osteomalacia. 
40 Refer to text on page 411. 
41. Glycogen consist of 10-15 glucose units while 
` amylopectin consist of 20-25 glucose unit. 
42 [Hint Providing strength to the cells and tissues. ] 
43 (i) Glycine (ii) Refer to text on page 417. 
44 (i) Refer to text on page 417. 
(ii) Refer to text on page 418. 
(iii) Refer to text on page 418. 
45 Refer to text on page 418. 
46 Hint Aids indigestion and metabolism. 
47 Refer to text on pages 424 and 425. 
48 (i) Refer to text on page 418. 
(ii) Hint Stomach has pH range 1-3 
-49 (i) Refer to text on page 418 and 419. 
(ii) Disease phenyl ketone urea (PRU) by the deficiency of 
phenylalanine hydroxylose 
50 (i) Vitamin E (ii) Refer to text on page 422. 
51 (i) Refer to text on pages 425. 
(ii) Refer to text on page 424. 


52 Hint cyclic from of glucose (A) 
Refer to text on page 408. 
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SAMPLE QUESTION PAPER 1 


A HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XII 


CHEMISTRY [Fully Solved] 


Instructions 
1. There are 33 questions in this question paper. All questions are compulsory. 
2. Section А: Q. No. 1 to 16 are Objective Type Questions. ©. No. 1 and 2 are Case Based Questions carrying 
4 marks each while Q. No. 3 to 16 carry 1 mark each. 
3. Section B : Q. No. 17 to 25 are Short answer type I questions and carry 2 marks each. 
4. Section C : Q. No. 26 to 30 are Short answer type II questions and carry 3 marks each. 
5. Section D : Q. No. 31 to 33 are Long answer questions carrying 5 marks each. 
6. There is no overall choice. However, an internal choices have been provided. 
7. Use of calculators and log tables is not permitted. 


Ba f e e е 

SECTION A: Objective Questions 

Case Based Questions шый; levels due to the presence of ligands ina definite 

1. Read the passage given below an а осм geometry is termed as crystal field splitting. 

the following questions : (1x4-4) The difference of energy between the two sets of 
degenerate orbitals as a result of crysta 

The crystal field theory (CFT) is an electrostatic : ar А 

model which considers the metal-ligand bond to ће ee SP аан kn С meet а E 

ionic arising purely from electrostatic interactions tabilisation Рпегду y A, 

between the metal ion and the ligand. (the subscript o is for octahedral). 

In an octahedral coordination entity with six Thus, the energy of the two e, orbitals will increase 

ligands surrounding the metal atom/ion, there will by uu A, and that of the three tj, will decrease by 
(2/5)A,. 


be repulsion between the electrons in metal 
The following questions (i-iv) are multiple choice 


d-orbitals and the electrons (or negative charges) of 
the ligands. Such a repulsion is more when the questions. Choose the most appropriate answer : 


metal d-orbital is directed towards the ligand than : . 
when it is away from the ligand. (i) пао these ap d about 
Thus, the 42 -уг and d, orbitals which point towards [Co(CN);] соеп! | 
the axes along the direction of the ligand will (a) [Co(CN);] has no unpaired electrons and 
experience more repulsion and will be raised in will be in a low-spin configuration. 
energy and the Z» , d,, andd, orbitals which are (b) [Co(CN); ^ has four unpaired electrons 
directed between the axes will be lowered in energy and will be in a low-spin configuration. 
desert ца пк average energy in the spherical (c) [Co(CN), f^ has four unpaired electrons 

; and will be in a high-spi | ion. 
Thus, the degeneracy of the d-orbitals has been (d) [Co(CN) ө n i Conn на 
removed due to ligand-metal electron repulsions in ОЕ. DES NO unpaired жасап» 
the octahedral complex to yield three orbitals of and will be in a high-spin configuration. 
lower energy, (2; set and two orbitals of higher (ii) Among the ligands NH,, en, СМ and CO, 


the correct order of their increasing field 


energy, e, set. This splitting of the degenerate 
strength is 


SAMPLE QUESTION PAPER | 


(a) CO < NH, < en <CN- 
(b) NH; < en < CN“ < co 
(c) СМ «NH, < CO < en 
(d) en < СМ” < NH, < CO 


(iii) Identify the correct trend given below 


(Atomic number, Ti- 22, Cr = 24 and 
Mo - 42) 


(a) A, of [Cr(H;O) * «[Mo(H,0), ?* 
and A, of [Ti(H,0),]** «[Ti(H, O), J?* 

(b) A, of [Cr(H5O), ?* >[Mo(H,0),}** 
and A, of [Ti(H,0),]’* >{мо(н,о), р" 

(c) А, of [С(Н,0), >* >[Mo(H,0),|?* 
and A, of [Ti(H,0),}* <[Mo(H,0),?* 

(d) A, of [Cr(H5O) * «[Mo(H,O), J?* 
and A, of [Ti(H,O); P* »[Ti(H,O), р" 

Or 

Crystal field stabilisation energy for high 

spin d^ octahedral complex is 

(a) -0.6A, (b) -1.8A, 

(c) -1.6A, +P (d) -1.2A, 


(iv) The CFSE for octahedral [CoCI, }* is 


18,000 cm”. The CFSE for tetrahedral 
[CoCl, > will be 
(a) 18000 cm"! 


(b) 16000 cm! 
(c) 8000 стг! 


(d) 20000 ст! 


2. Read the passage given below and answer the ` 
following questions : (1x4=4) 


Conductivity always decreases with decrease in 
concentration (i.e. with dilution) of both the strong 
and weak electrolytes. This is due to the fact that 
the number of ions that Carry current in a unit 


volume of solution always decreases with decrease 
in concentration. 


The conductivity of a solution is the conductances 
of a unit volume of the solution, kept between two 
platinum electrodes with unit area of Cross-section 
and at a distance of unit length, while the molar 
conductivity is the conductance of that volume of 


the solution which contains one mole of the 
electrolyte. 


Conductivity is expressed as : 
Gs s =K 


(both A and l are unity in their appropriate units in 
m or cm). 


While molar conductivity is expressed is Л, = KV 


KA 
It is because Am = — 


« [-1and A = V [volume containing 1 mole of 
electrolyte] 


Therefore, A,, 


KV 


Molar conductivity increases with decrease in 
concentration (i.e. with dilution). This is because 
the total volume V of solution containing one mole 
of electrolyte also increases. 


In these questions (i-iv) a statement of Assertion 
followed by a statement of Reason is given. 
Choose the correct answer out of the following 
choices : 

(a) Assertion and reason both are correct 
statements and reason is correct explanation 
for Assertion. 

(b) Assertion and Reason both are correct 
statements but Reason is not correct 
explanation for Assertion. 


(c) Assertion is correct statement but Reason is 
incorrect statement. 


7 


(d) Assertion is incorrect statement but Reason is 


Correct statement. 


(i) Assertion Conductivity always increases 


with decrease in concentration for strong 
and weak electrolytes. 


Reason Number of ions per unit volume 
decreases on dilution. 
(ii) Assertion Con 


А ductivity of pure water is 
3.5x 10° Smt, 


Reason High amounts of hydrogen ions 

and hydroxyl ions are present in water. 
(iii) Assertion Conductivity of electrolytes 

decreases when dissolved in water. 


Reason They furnish their own ions, 


(iv) Assertion Conductivity of strong 
electrolytes decreases on dilution, 


Reason On dilution number o 
unit volume decreases. 


Or 
Assertion A m for weak elec 
a sharp increase, when the 
solution is diluted. 


Reason For 
dissociation 
Solution. 


Lions per 


trolytes shows 
electrolytic 


Weak electrolytes degree of 
increases with dilution of 


а | 
©: 
1 2. 


? 
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Multiple Choice Questions 
Following questions (No, 3-11) are multiple choice 
questions carrying 1 mark cach : 
3. In an alkaline medium, glycine 
predominantly exists as an 
(a) cation (b) anion 
(c) Zwitter ion (d) covalent form 
4. Which of the following does not affect 
half-life of first order reaction? 
(a) Initial concentration 
(b) Catalyst 
(c) Temperature 
(d) Pressure 


5. Identify the name of the reaction, 
Bromoalkanes are prepared by refluxing 
the silver salts of acids with bromine in 
CCl, . 

(a) Borodine-Hunsdiecker reaction 
(b) Finkelstein reaction ЖЕТТ 
(с) Swarts reaction 
(d) Balz-Schiemann reaction 

| Or ү йй 
Which one undergoes S,,2. substitution 
reaction faster? 


6. The standard reduction potentials of 
several ions are as follows 


S.No. lons E? 
f. Ca^* -2.87 


2. 
3. Co?* 1.82 
4 Zn?* -0.76 


The strongest reducing agent among the 

following ions is 

(а) Соз (b) Zn^' (с) Са2* (d) Fe?' 
7, The coordination number of Pt in 

[Pt(NH, ), СІ, * ion is 

(a) 2 (b) 4 

(c) 6 (d) 8 
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Or 
can be made by the 
f [Co(NH, ), Cil with 
(b) 2CI* 
(d) 2K’ 


Complex salt 
combínatíon o 
(a) СГ 

(c) РОЈ 


8. Give IUPAC name of the compound given 


below : | | | 
H4C —CH — CH,— СН, түнт CH, 
| 


Cl OH 


(a) 5-сПогоһехап-2-0] 
(b) 2-chlorohexan-5-ol 
(c) 2-hydroxy-5-chlorohexane 
(d) 2-chloro-5-hydroxyhexane 
Or 
Alkenes react with water in the presence 
of acid as catalyst to form alcohols. 


н“ 
CH,CH = CH, +H,0 == ау CH, 


OH 
The reaction takes place in accordance with 
(a) Hofmann elimination rule 
(b) Saytzeff rule 
(c) Markownikoff's rule 
(d) Anti-Markownikoff's addition 


9. Identify the primary alcohol among the 


given options. 
OH 


H—CHg 


(a) 


CH3 
(b) H4C—C—cH40H 
CH3 
CH—CH—CH;3 
он 
(с) 


CH3 


CH=CH—C—OH 
(d) | 
CH3 


А AMPLE QUESTION PAPER ү 

10. In the given reaction, 

те 
COOCH; 


What would be the final product formed? 


0 
(а) 
| 0 
c) OD» 


(i) LU Br/NIORH. 
ta A 


(b) = 
NH 
o i 
D 0 | 
(d) | 
? 13 
0 
What is the final side product in the 
given reaction? 


Na,C 
(О) ом tem, CNN 


(a) N, N, N-trimethylanilinium iodide 

(b) №, №, N-trimethylanilinium carbonate 
(c) N, N-dimethylanilinium iodide 

(d) N, N-dimethylanilinium carbonate 


Which of the following is the starting 
material use for the industrial preparation 
of phenol ? 
(a) Anisole 
(c) Cumene 


Assertion-Reason 


In the following questions (Q.No. 12-16) a statement 
of Assertion followed by a statement of Reason is 16, 
given. Choose the correct answer ouf of the following 
Choices. 
à) Assertion and Reason both are correct 
Statements and Reason is correct ered 
for Assertion. 


14 


П 


(b) Resorcinol 
(d) o-cresol 
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(b) Assertion and Reason both are correct 
statements but Reason is not correct 
explanation for Assertion. 

(c) Assertion is correct statement but Reason is 
incorrect statement. 

(d) Assertion is wrong statement but Reason is 
correct statement. 


12. Assertion If in a zero order reaction, the 


concentration of the reactant is doubled, 
the half-life period is aisu doubled. 
Reason For a zero order reaction, the rate 
of reaction is independent of initial 
concentration. 


Assertion pK, value of phenol is 10.0, 

while that of ethanol is 15.9. 

Reason Ethanol is less acidic than phenol. 
Or 


Assertion The density of glycerol is higher 
than propanol. 


Reason Glycerol contain two —OH group 
due to which it show extensive 
intermolecular H-bonding. 


Assertion Protein are made up of a-amino 
acids. 


Reason During denaturation, secondary 
and tertiary structure of protein are 
destroyed. 


Assertion Neopentyl chloride is formed 
when neopentyl alcohol reacts with НС]. 


Reason Neopenty! alcohol is а primary 
alcohol, 


Assertion 5 „1 mechanism is ruled out in 
case of haloarene. 


Reason Phenyl cation is formed as a result 


of self ionisation which is not stabilised by 
resonance, 
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SECTION B : Short Answer Type I Questions 


17. Compound 'А' on reaction with(CH,CO),0 Or The 


and NaOH gives acetanilide which on 
bromination gives compound 'B' which on 
hydrolysis gives compound 'C'. Identify A, 
B and C. 

Or Account for the following: 

(i) pK, of aniline is more than that of 
methylamine. 

(ii) Ethylamine is soluble in water whereas 
aniline is not. 

18. Explain, why the melting points and 
solubility of amino acids in water are 
generally higher than that of the 
corresponding haloacids? 


19. A first order reaction takes 40 min for 3076 
decomposition. Calculate f, . 


20. How will you carry out the following 
conversion : | 
(i) Aniline to benzyl alcohol 
(ii) Benzene to m-bromophenol 
21. (i) Write the effect of adding a non-volatile 
solute into solvent. : 
(ii) What is the unit of molal depression 
constant? i 


water is 373 K. 


boiling point of pure 
t of an aqueous 


Calculate the boiling poin 


solution containing 189 of glucose 
(W=180) in 100g of water. Molal elevation 
0.52 K kg mol”. 


constant of water 15 | 


What are interstitial compounds? Why are 


22. a 
such compounds well known for transition 


metals. 

23, FeSO, solution mixed with (NH, ) SO, 
solution in 1:1 molar ratio gives the test of 
Fe2* ion but CuSO, solution mixed with 
aqueous ammonia in 1: 4 molar ratio does 
not give the test of Cu** ion. Why? 


- A solution of 0.1 N KC! offers a resistance 
' of 245 О. Calculate the specific 
conductance and the equivalent 
conductance of the solution if the cell 
constant is 0.571cm . 

Define molar conductance of a solution. 
State its unit. How is it related to the 
specific conductance of a solution? 


The conductivity of 0.2 M KCI solution 
is3 x10 ? ohm Їстї. Calculate its molar 


condutance. 


25. 


SECTION С: Short Answer Type Il Questions 


26. Define the following : 
(i) Wurtz-Fittig reaction 
(ii) Fittig reaction 
(iii) Swarts reaction 
Or 
Complete the following reactions: 
2H,0/H* 


(B) 


(ii) CH,CH,CH,Br = (А) HBr (B) 


кеМ. (А) 


(i) СН,СН,С! 


дт, Write the balanced equations of the 
following reactions : 
(i) Aniline and bromine water 
(ii) Ethylamine and nitrous acid 
(iii) Acetic anhydride and ammonia 


98, (i) Give chemical tests to distinguish between 
the following pairs of compounds. 
(a) Propanal and propanone 
(b) Acetophenone and benzophenone. 
(ii) Arrange the following compounds in 
increasing order of reactivity towards 
НСМ, 
Acetaldehyde, acetone, di- tert- 
butylketone, methyl-tert-butylketone. 


29, (i) What is the order of following reaction? ` 
n кз 1 


(ii) Sucrose decomposes in acid solution into 
glucose and fructose according to the 
first order rate law with t; =3 h. What 

"fraction of sample of sucrose remains , 
after 8h ? | 


SAMPLE QUESTION PAPER { 
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Or (i) What are pseudo first order reactions? 


к . (a) What fraction of original sample of 
Give one example of such reactions. 0 PH, remains behind after 1 min? 
(ii) The decomposition of phosphine, PH, (b) How much time is required of 3/4th 
proceeds according to the following of PH, to decompose? 
equati 
à pe (g) — P, 30. Answer the following questions. 
It is found A th d p (g) ч (i) Give one example of an о -атіпо acid. 
€ reaction follows the T A ИБИКЕ : 
following rate equation, | (ii) bois bec el of the dipeptide using 
Rate = k[PH;] Pd trt pa 
The half-life of PH, is 37.9 s at 20°C. (iii) Write one difference between globular 


and fibrous proteins. 


SECTION D: Long Answer Type Questions 


31. (i) A transition metal A has "spin only" 


HCl generates A and D. D with PCL, 
magnetic moment value of 1.8 BM. followed by reaction with NH, gives E, 
When it is reacted with dil. H,SO, in the Which on dehydration produces HCN. 
presence of air, a compound Bi is опей, Identify A to E. 
B reacts with compound C to give Or Complete the following reactions : 
compound D with liberation of iodine. (i), 2H— C—H—Cone. KOH, 
Determine metal A, B, C || 
апа р. 


О 
(ii) Describe the cause of the following 


: CHO 
variation: | | (ii) Cy Conc. NaOH 
(a) Zn, Cd and Hg normally not 


regarded as transition elements. 
(b) Compounds of transition metals are 


C—C] ý 
coloured. s (iii) CY PLESO, 
(c) Mn?* compounds are more stable e 
than Fe^* compounds towards | 3 0 сэ, 
oxidation to their +3 state. (iv) + СОС H,0° 
Or 
(i) What happens when, лары с 
Europium shows +2 oxidation state. 33. (i) 1000 g of 1 molal aqueous solution of 
(ii) Explain the following: sucrose is cooled and maintained at 
(a) Among а* species, Cr? is strongly -3,534° C. Calculate the ice that will 
reducing while Mn (Ш) is strongly Separate out at this temperature. 


oxidising. 

(b). Cobalt (II) is stable in an aqueous 
solution but in the presence of 
complexing reagents it is easily 


(ii) The solubility of Ba(OH),:8H,O in H,O 
is 5.6 g per 100 g of H,O at 288 К. 
Calculate the molality of hydroxide ion 
in saturated solution of Ba(OH), -8H,O at 


oxidised. that temperature. 
(c) The d'-configuration is very unstable Or A solution containing 30 g of а 
in ions. non-volatile solute exactly in 90 g of Me 
has a vapour pressure of 2.8 kPa.at 298 K. 

32. Ап organic compound A on i on Further, 18 g of water is then added to the 

with acetic acid in the presence o | solution and the new vapour pressure 

sulphuric acid produces Rates а becomes 2.9kPa at 298K. Calculate 

on mild oxidation gives C. C wi o Anotar mast tihe solute 

KOH followed by acidification with dil. it) moter ie 


(ii) vapour pressure of water at 298 К. 


i 


A 
SEE 

E 
= 
— 
E 


Solutions 


1. @ (а) Statement (a) is correct. [Co(CN); P" 
Co* = 152,252,2р6,352, 3p5, 306 
CN' is a strong field ligand and as it approaches the 
metal ion, the electron must pair up. 


The splitting of the d-orbitals into two sets of orbitals 
in an octahedral complex [Co(CN)g] 3- may be 


represented as t$,e2. 


3d* 


Here, for d ions, three electrons first inner orbitals with 
parallel spin out the remaining may pair up in t2g orbital 
giving rise to low spin complex (strong ligand) field. 

-. [Co(CN)g] 3- has no unpaired electron and will be in 


low spin configuration. (1) 


(ii) (b) Based on spectrochemical series, ligands 
arranged in increasing order of crystal field strength 


are as (1) 


NH3 «en <С№ «CO 
Gi) (b) For [Cr(H4O)g]* and Cr?* = [Ar],3a* 


Average energy of 
d-orbitals in symmetrical 
crystal field 


Splitting in an 
octahedral crystal field 


(1) 
As НО is a weak field ligand, so pairing of electrons 
does not occur. 

CFSE for [Cr(H4O)gF* = 3(-0.44,) + 1(0.6,) = -0.6A, 
A, «Crystal Field Stabilisation Energy (CFSE) 
A, depends оп 2. and for 3d-series, дын is less than 
4d -series. 
Hence, Ay of [Cr(H2O)s] ?* > [Mo(HzO)sF* 
From above table, 
As of [Ti(H2O)gP* > A, of [TIHO 
Or 
(a) CFSE = 3(-0.4)4 1(0.6)=-0.6A, 


2. (i) (d) Conductivi 


4. (а) [= 


al and tetrahedral complexes 


(iv) (С) CFSE for octahedr 
h other by formula A, = 4 4, 
9 А 


аге closely related to eac 


where, A, = CFSE for octahedral complex, 
Д = CFSE for tetrahedral complex 


i -1 
According to question, A = 18000 cm 
4 4 -1 
= =- =- 18 cm 
dy = 540 =g” 000 
= 4x2000 cm^! = 8000 ст"! 


Hence, correct choice is option (c). (1) 

ity always decreases with decrease in 
concentration for weak and strong electrolytes. This 
is explained by the decrease in the number of ions 
per unit volume that carry current in solution on 
dilution. Hence, Assertion is incorrect but Reason is 
correct. (1) 

(ii) (с) Pure water has small amounts of hydrogen and 
hydroxyl ions (— 1077 M )due to which it has very low 
conductivity (3.5х 10^? S т^!) (1) 
Hence, Assertion is correct but Reason is incorrect. 


(iii) (d) When electrolytes are dissolved in water, they 


furnish their own ions in the solution, hence the 
conductivity increases. (1) 
Hence, Assertion is incorrect but Reason is correct. 


(iv) (а) Since, conductivity depends upon the number of 


ions per unit volume. Therefore, the conductivity of 
strong electrolytes decreases on dilution due to 
decrease in number of ions per unit volume. 
Hence, both Assertion and Reason are correct but 
Reason is the correct explanation of Assertion. (1) 
Or 
(a) Molar conductivity of weak electrolytic solution 
increases on dilution because as we add excess water 
to increase the dilution, degree of dissociation 
increases which leads to increase in the number of ions 
in the solution. Thus, Am show a very sharp increase. 
Hence, both Assertion and Reason are correct but 
Reason is the correct explanation of Assertion. (1) 


З. (b) In alkaline medium, glycine predominantly exists as 


an anion. It is shown as follows 

H3N* —CH,—COO- + ОН- —> 
H»N—CH,—COO+H 

0.0693 ; А : T 

for first order reaction. So, it is (1) 


independent of initial concentration. (1) 


5. (a) Generally, bromoalkanes are prepared by refluxing 


the silver salts of acids with bromine in ССІ. 
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This reaction is known as Borodine-Hunsdiecker Or 
reaction. The reaction can be depicted as 


Е са b NH, + CHgl 
CHCOO"Ag™ «Bj —5 CHBr + 00,1 М О» ч | 
аы Methyl bromide Carbon -dioxide 


® 
+ AgBr (1) 2 (О) ен Г + М№аСОз 
Ог Silver bromide , 
I | N-methylanilinium iodide 
(a) ve undergoes Sy? reaction faster 


due to low С— bond dissociation energy. | á (О) ж ЕБЕР 
6. (С) Са? is the strongest reducing agent as its value of N-methylaniine Ei 
reduction potential is the lowest. (1) Na;CO 
me or Кеназ = N(CH 
Let x be the coordination number of given complex ion C's (ria 
be x. N,N,N-trimethylanilinium | N,N-dimethylaniline 
^ x = [3+ 5-3: 3x(+1)+ (-1)] iodide 
—+2 | Neco; 
' Thus, complex salt would be [Co(NH3)sClJClp. (1) L| 
МСНз)з | CO3 т? 
8. (а) 5-chlorohexan-2-ol is the IUPAC name of given © (нао з + 2Nal 1596 
compound. N.N N'triméthylanilinium m 
e В i 3 2 1 carbonate (1) 
H<C—CH—CH,—CH»—CH—CH, em 
l d 11. (c) The starting material used for the industrial - 
(1) preparation of phenol is cumene. "un : 
Ог СНз СНз 12) | 
(с) Alkenes react with water in the presence of acid as læ 
catalyst to form alcohols. In case of unsymmetrical HaC — СН: HaC— C— 0—0-—H RE 
alkenes, the addition reaction takes place in accordance lest 
with Markownikoff's rule. | | © 0, Ш н э 
H : К 2 z 
СНз — CH =CH2+ HO == HC ais CH3 a e 
Propene OH ; hydroperoxide 
Propan-2-ol (1) OH 
9. (b) Primary alcohols contain — CH;OH group. 
Eng P" + CH3COCH3 
ett К Acet 
So, HjC—C—CH,'0H:is a primary alcohol. ee 
| n Phenol (1) 
СНз | (1) 
CH2CONH? CHoNH2 12. (b) Both assertion and reason are true but reason is not 
10. (c) EE. the correct explanation of assertion. 
COOCH Чата ors For a zero order reaction, {уг = {Aol 
3 promamide TTE (1) 
reaction | j 
13. (a) Both assertion and reason are true and reason is the 
a| -coH correct explanation of assertion. 


Ethanol is less acidic than phenol as phenoxide ion 

formed after loosing H* ion is more stable due to 

resonance. (1) 
Or 


(1) Assertion is true but reason is false. 


FULLY SOLVED: 
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Correct reason is as follows 


his density ol Qlycerol is higher than propanol, it is due 
"s extensive intermolecular H-bonding. Glycerol contains 
ree —OH groups while, propanol contains only one 
—OH group. (1) 
14. Both assertion and reason are true but reason is not the 
correct explanation of assertion. 


Chemically protein are polymers in which the monomeric 
units are the a-amino acids. (1) 


15. (о) 2- chloro -2 methylbutane is formed when neopentyl 
alcohol reacts with HCI. 
The initially formed primary carbocation 
undergoes rearrangement to form more stable tertiary 
carbocation. 


Сн» CH3 


| HCI | 
== нан ap CHa 6 — ОНОН» 
- | 


48. The amino acids 
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(i) Ethylamine la soluble in water due to hydrogen 


bonding. : 
AM 
sues 1-0. fi h-o Е 
ha, do оњ H 


CoHs 


due to bulky hydrocarbon part, the extent of 


aniline ie 
In ess and it is not soluble in 


‘hydrogen bonding is | 
water. (1) 
exists as Zwitter ions in aqueous 

his, dipolar salt like structure amino 


lon. Due tot i - 
n le-dipole interactions. 


acids have strong dipo 
Thus, their melting points are higher than corresponding 
haloacid which do not have salt like character, Secondly, 
they interact strongly with НО due to their salt like 
character. As a result, polar amino acids dissolve in 


polar solvents like н. Q) 


‘Leta = 100, a7 x = 100-30 =70,t = 40 min 


CHs с (1) » 
| For first order reaction, 
Therefore, Assertion is incorrect but Reason is correct k= 2.303, a 2.303 lo 100 
statement. DI (1) E. (a-x) 40min 70 
16. (a) In case of haloarenes, the phenyl cation formed _ 2303,10 _ 2.303144 1428 
as a result of self ionisation will not be stabilised ~ 40 7 40 
by resonance and therefore S1 mechanism is 2.303 
ruled out. "a. ee ин 
Therefore, both Assertion and Reason are correct and k 2 891x1 0-3 min"! 
Reason is correct explanation of Assertion. " (1) 
' 0.693 0.693 А 
17. Also, tye Se nao NEC AET ed 77.78 min 
NH; NHCOCH, .NHCOCH; k | 891x107? min 
| {үә =7778 тіп (2) 
KCN (alc.), A Br, /CH,COOH , M . 
е V : | 20. (i) The conversion of aniline into benzyl alcohol can be 
Aniline Acetanilide H,0/0H" carried out in the following manner 
(4) Вг NH, NH, МС! 
p-bromo ; 
acetanilide NaNO; HCI 
(B) 273-278K H3PO2-H20/Cu, A 
Diazotisation Reduction 
Aniline Benzene 
Br diazonium 
p-bromo CHOH CHCI ed 
aniline 2 2 ‚ Сн» 
(С) (2) Сіїто)), һу, CHgCl+Anhyd 
. - В Л КОН (aq.) 383 К АІСІз 
Ог (i) Inaniline, the electron pair on nitrogen atom Is “Hydrolysis C Sascha. — = 
involved in conjugation with ring and is less available 5 chlorination 
for protonation than that in methylamine. ДЕПУ, баны Toluene Benzene 


Therefore, рКь value of aniline is more than that of À 
methylamine and aniline is less basic (as higher the 
-:pKp value, weaker is the base). (1) 


(1) 


(il) The conversion of benzene to m-bromophenol can be 
carried out in the following manner 


: f. 
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NO, -— ? di 
| Мо ам, Fo30,- (NH 480,4: би) 22е a. j+ HO 
| nc. HNO, + . j 2HH (ad) " 260% läg]: 2 
“ү CO Bye, Å 
"n EO, $ ; | са We 
| сос H, ГЕН «aEo?* ions are formed an dissolution of МОРГ 
A Br Because Ее“ ions are |А 
Br s the test of Fe^ 1005 
Wem NaNO, « HCI salt, its aqueous solution gives Ine te Ж 
ose But when CuSO , is mixed with ammonia. follavang 
0 = teaction occurs, 
"5. cc мий CuSO (aq) + 4NH3(aq) —» [Cu(NH3)4 [50 s 
но This cornplex does not produce Cur” ion. so the P 
solution of CuSO, and NH does not gre the fast с | 
Br Br Си? ion. (1) 


m-bromophenol 


1 
(1) 24. Given, R = 2450, 
latile solute to a solvent 


| 
| | 
21.) The effect of adding a non-yg F 
Bei. isto ' Cell constant = 0.57 1cm 
| | e lower the vapour pressure Hence, specific conductance =G / R 
ү e lower the freezing point ,95 000330 em” 
f | • increases the boiling point MP 245 — 
о s increases the osmotic pressure (1) 2233x102 Q" cm" (1) 
. (i) The unit of molal depression constant is Kkg тог, ; . 1000 
[ iG (1) Equivalent conductance Neg ===> «к 
Given, boiling point of pure water = 373K Concentration, С = 0.bN 
-. ... Weight of solute, w= 18g 1000 3 12. 
Er = 233x107 2233Q ст 
. .. Weight of solvent, W = 100 g, NS oO UO qq 
Molecular weight of solute, m = 180 g mol™! (1) Or 
Къ forwater=0.52Kkg mol! ` The conductance of that volume of sciution which 


contains one mole of the solute and is placed between 


For glucose as solute į = 1 мо parallel electrode of 1 cm distance apart and having 


| A AT, = 1000 хКь xw sufficient area to hold the whole of the solution is called 
m ИШЕТ its molar conductance. (2) 
31000052 x18 Asok Itis denoted by А... If the concentration of а solution is 
7 480x100 — — | C mol, then volume of the solution containing 1 тсе of the 
г. Boiling point of solution = Т, + AT, вестоуемі be TRUM ect " Се, A4 andx can 
(where, T, is boiling point of water berelated as A, = p where x is specific 
-100C-373K) conductance. Its units areohm ^ em? moi in CGS and 
= 373+ 052 = 373.52K (1) ohm™! m? mol in St system. Q) 


22. The compounds in which small atoms like Н, С, N, elc. 25, Given, C = 0.2M, hy =3х1 РТК 
Occupy interstitial sites in the crystal lattice are called in 
interstitial compounds. These compounds are well Putting value, Ap = гта 3x10 
known for transition metals because small atoms can 3 


easily occupy the position in the voids present in the Е S s15x10 Q7 cm? mgr! 


Crystal lattices of transition metals, (2) Q) 
23, When FeSO, and (NH,)pS0, solution are mixed in 1:1 26. () Wurtz-Fittig reaction When aryl halide is heated with 
| Ку! halide in the presence of sodi 
i ' It) is formed. y P dium in dry ather, 
Molar ratio, Mohr's salt (a double sa : halogen atom is replaced by alkyl group and 
FeSO, (aq) + (NH,),S0,(ad) — alkylarene is formed. This reaction is called 


FeSO,4: (NH4),S04-6HO Wurtz-Fitlig reaction. 


x R 
+ 2М№а + А ХОУ", + 2NaX 
Alkyl 
Aryl halide nalga Alkylarene 


{_У—вхнеха—он, 5 
Chlorobenze ) 
е / y CH; + 2NaCI 


Toluene (1) 
Fittig reaction When haloarenes react with sodium in 
the presence of dry'ether, two aryl groups are joined 
together and diphenyl is formed. This reaction is 


called Fittig reaction. 
X 
C$ mae OO 
ether 
Diphenyl 


- (~ Cl+Na+Cl -4 S уеге, 
тэт 


Оїрһепу! ( 1) 
Swarts reaction The synthesis of alkyl fluorides is 
achieved by heating an alkyl bromide/chloride in the 
presence of AgF, Hg» Fo, CoF ог SbF з. This 
reaction is known as Swarts reaction. 
R — Br + AgF —>R—F + AgBr 
H4C — Br + AgF —> НС — Р + AgBr 


(i) 


= 


(iii 


ere ls mews SIN RT TU" 


(1) 


Ex TE чыр 

X Pi ы Е 
A. 

a 


jJ 


Р Ог 
() снсы МЖС снуснусм 20", 
Ethyl chloride Ethyl nitrile 
CH4CH4COOH 
P go acid ü р) 
(i) снзсн НВг —4КОН › CHCH = CH; 
1- bromopropane 4 Ргор-1-епе 
(А) 
eH S CH; in —CH; 
Br 
2-bromopropane 
(B) (1%) 
27. (i) МН, NH, 
Br Br 
+ 3Bry но, 
Aniline 


Br 
2, 4, G-tribromoaulline 
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(i) CHNH2+ HNO» — CHOH + №1 + HD 


Ethylamine Ethanol 
Y (CH4COVO + МНз —9 CHCOOH 
w бш Acetic acid 
+CH,CONH, 


Acetamide (3) 

) Tollen's reagent test Since propanal is an 
aldehyde, it reduces Tollen's reagent to a shining 
silver mirror but propanone being a ketone, does 


28.() (a 


not. 

CH4CH4CHO + 2[Ag(NH3)4]' + ЗОН —> 
Propanal 
сн;снС007 + 2Ag ++ 4NH3+ 29:0 


Silver mirror 


Tollen's reagent 4 
CH4COCH3 ——————› No silver mirror 


Propanone 
lodoform test Acetophenone being a 
methylketone on treatment with NaOI (5 / NaOH) 
gives yellow precipitate of iodoform but 
benzophenone does not. 

CgH,COCH3+ 3NaOI—o СеН:СООМа + CHI, 4 


Acetophenone lodoform 


+23аон 


(1) 


= 
o 
=~ 


NaOl 
Benzophenone (1) 
The reactivity towards HCN addition decreases 
as -l-effect of the alkyl group increases. 
Therefore, the correct order of reactivity is : 
Di-tert-butyl ketone « tert-butylmethyl ketone 
« acetone « acetaldehyde. 


(i 


M 


(1) 
(1) 


29.() The order of given reaction is one. 


(ii) For first order reactions, К = 0.693 0.693 
tyo (3.0 Р) 
2.303 [Alp 
ог i25 ga 30 
SES 
or log {Aly _ k xt 
[A] 2.303 
[Ah 0.693 8h 
loge m Ir УНЬ 2 ВЕРА 
9 ТА] 3h "2309 05024 
[Ah „ antilog 0.8024 = 6.345 
| o 
[Ар = 1M; 
-^b _ 1M _ 
[A] Sade ess *OHSIOM 


After 8 h, sucrose left = 0.1576M (1) 
Or (i) Pseudo first order reaction The reaction which is 
bimolecular but has order one, is called pseudo first 


order reaction, e.g. acidic hydrolysis of ester. 


CH4COOC;H; + HzO =. CH,COOH + снн, 
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(i) Given, ouo =37.95 
Initial concentration = (8), 


Concentration atter time, t = [Rly 


4 
[because 3/4th of th 
| еРН, is 

(a) t=1min =60$ з 5 decomposed] 


3 
k =— . -1 
379 0.01835 


or log ЁЁ _ 60 x0.0183 


— 2308 — = 0.4768 


[Rh . 
TI =antilog 0.4768 = ш =2.997 


Let the initial amount [Rois 100 
100 


295; 11] 
[R] = 33.3% (1) 
(b) k = 0.693 ~ 0.693 g^! 
(yo 37.9 
_2.303 [Rh 2.303 
t= К [А 
4 37.9 
A 2.303 x 37.9 x 0.6020 =75.825 
0.693 (1) 


30. (i) Alanine, E ms 


CH, 


(ii) When two a-amino acids combine, a dipeptide is 
formed with the loss of a water molecule. 


0 
i-is + HNH—¢ H—COOH 
CH CH, 
Pi 
C NH= ÇH—COOH + H 
— NH,— CH E Co 0 
| Peptide 
linkage CH, 
: Dipeptide 


(1) 


ibre like 

(li) e Fibrous proteins They have thread ii an 
structures in which polypeptide chains Koran 
These proteins are insoluble in бо 
(found in hair, skin, nails, wool, silk) а 
(present in muscles). ein 
e Globular proteins ы» Sand эк are 

i ins of polypepi ins. (1) 

у * water, e.g. insulin and albumins 
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31. () The spin only magnetic moment is given by 


u - ntn +2) 
Thus, ynin + 2) =1.8 
Squaring both sides, 
n(n + 2) = 3.24 
п? +2п=3 
п? «2n-3-0 
п? «30-n-3-0 
(n-1)(n + 3)=0 
=> n=1,butn + – 3is not possible, 
Thus, n 21 


It means that one unpaired electron is present. i.e. it is 
copper. 


Thus, ш. +0: — 2Си$0, + 290 
(В) 


2CuSO, + ү! — 2050;+ 2Си, 
(8) 
2Cul; — Cud, t ly 
(0) 


(2) 

(ii) (а) Transition elements are those which, have partly 
filled d-orbitals. Since, neither the atoms nor ions 
of Zn, Cd and Hg have partly filled d-orbitals. 


they are normally not regarded as transition 


_ metals. (1) 
(b). Compounds of transition metals are coloured 


due to d-d transition. (1) 
(c) Electronic configuration of Mn?* is 333 which is 
half-filled and hence stable. So, 3rd ionisation 
enthalpy is very high, i.e. 3rd electron cannot be 
lost easily. In case of Fe?*, electronic 
configuration is 315. Thus, it can lose one 


electron easily to give the stable configuration 
Q) 
Or 
() Europium in + 2 oxidation state shows stable 
electronic configuration, i.e. (Xe]4/" 50 96590. (2) 
(i) (a) E values for Cr? * /Cr?* is negative (-0.41) and 
for Mn?* / Mn? * is positive (+157 V) Thus, Cr? 
can undergo oxidation and therefore, acts asa 
reducing agent. On the other hand, Mn (Ill) can 
undergo reduction, and therefore, it acts as ап 
oxidising agent. (1) 
(b) In the presence of complexing agents, cobalt gets 
oxidised from +2 to +3 state because Co (Ill) is 
more stable than Co (11) (1) 
(c) Alter loss of ns electrons d ‘electron can easil 
be lost to give a stable configuration, Therefore, 
the elements having d ' contiguration are either 
reducing or undergo disproportionation, (1) 


iui. 
T 
© 


р 
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CH,COOH 
32, A——___» B 
(H;SO,) Ester 
Thus, Ais an alcohol. 
Mild oxidation 5096 KOH 
А — С —> + D 
Dil.HCl © Alcohol Acid 
Thus, C undergoes Cannizzaro reaction. 
РС МН 
D —», — + —E——» HCN 
-H,0 


| 
Thus, E is H—C— NH;, because on dehydration, it 
gives HCN (with intermediate HCOCI). . 
О 


Dis ПЕ." (because only "e gives E 
when it reacts with PCls and NH3). C is HCHO, as С 
gives Cannizzaro reaction in the presence of KOH and 
forms alcohol and salt of carboxylic acid, A is CH3OH. 
Because C is only formed by oxidation of CH4OH. 


| 
Bis CH3—C—OCH3 (3) 
The reactions involved are 
О 
| i 7 d 
CH4—C— OH + CH30H ———5 СНз —С— OCH 3 
(Acetic acid) Methanol (B) 
(A) Methy! acetate 
снн -Mid oxidation , HCHO 
(A (С) 


HCHO 4° , HCOOH + снзон 


(c) ОН (D) Formaldehyde 
(A) 
РЕ! А 
нсоон25 H—C — CI —5 Н—С— МН, —> НСМ 
Methanoic -HCI (E) -H,0 
acid 
(D) 
(2) 
Or 
Hv н. Conc. KO! 
0 2с=0+ Sc=0 "9 
H H H 
2 molecules of | », О 
formaldehyde H—C—OH + нс 
-K+ 
H Potassium 
Methanol formate (1) 
(ii) (О) + Conc. МОН» CH,OH + 
Benzaldehyde Benzyl alcohol 


собма 


Sodium benzoate 
(1) 
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i 
(iil) (OJ e—a ssi CES 


Benzoyl Benzaldehyde 
chloride (1) 
CH; CH(OCrOHCI,), 
(iv) @@ + СгО;СЬ — (Or 
Chromyl 
Toluene chloride , Chromium 
complex 
CHO 
Е (Or 
——À 
Benzaldehyde (1) 
.NaOH/lz EC AS 
V) CgHsCOCH, ————-—9 CgH«COO Na* + CHI; { 
Acetophenone lodoform ( 
1) 


33.() 1 т = 342 g per 1000 g of HO 
Sugar in 1000 g of solution is 
1342 g solution = 342 g sugar 


, 342 x1000 
1000 g solution = Eom 254.85 g 
Mass of H20 per 1000 g solution 
= 1000 – 254.85 
=745159 
К; х1000 xgrams of sucrose 
AT, =M 


MWgugar Xgrams of HO left 
_ К, xW5 x1000 

~My xW, 

_ Ky xWp x1000 

С AT, xMwa 

21.86 х254.84х1000 ` 

©  8.584x342 

= 392.2 g HO 


Amount of ice separates out = 745.15 — 392.2 


= 352.95 g 
(ii) Molar mass of Ba(OH); + 8H;O 
= 137 +2 x17 + 8x18- 315g mol”! 
7100 g water has 5.6 g of Ba(OH);- 8H;O 
<. 1000 g water will have Ва(ОН)». s е аш 


Number of moles оїВа(ОН)». 8H20 = — 


(212) 


- rn mol 
Thus, molality of Ba(OH), = 0.178 т 


Ba(OH); —> Ba?* + 20H" 
Molality of OH* ions = 2 x molality of Ba(OH), 
=2x0,178 


= 0.356m (214) 
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Or (i) Suppose, the molar mass of solute = M g mor"! 


| pi-29 30/М 
Number of moles of solute (2) - S mol ® 6+ 30/M 
Number of moles of HO ' ' or и м 
LEE p, 6+30/М 
(т) — 9 gy | 
18g mor"! és 29 1. 30/M 
D, =2. BkPa . À 6+ 30/M 
о { { , { M E 6 
EE 2. 726 +:30/М 
Е к or is 39% зом six ...(ii) 
., Pi-28 — 30/M 29 6 M (1) 
pi 5+ 30/M (1) On dividing Eq. (i) by Eq. (i), we get 
or 1.28... 90/M | ij 29 _1+6/M 
р 5*39M ^ ' "~ 28 1+5/M 
w 284 OM. 5a or 29f1+ 5) =28(1+ 2) 
$ 5+30/M 5430/M М 
É or 29+ 145 = әв+ 188. м. озу 
or £1.5*30/M , 6 0 сөм, M (1) 
28. 5 M TY") (ii) Putting, M =23in Eq. (), we get 
On adding 18 g of water, n(H4O) = 6mol Py be 6 29 
(254 1= 6mol) | 8 23 23 
Then, pi-2.9kPa or A d Bi = x28- 353 KPa 


(1) 


SAMPLE QUESTION PAPER 2 


A HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XII 


CHEMISTRY [Fully Solved] - 


Instructions 
1. There are 33 questions in this question paper. All questions are compulsory. 
2. Section A: Q. No. 1 to 16 are Objective Type Questions. Q. No..1 and 2 are Case Based Questions carrying 
4 marks each while Q. No. 3 to 16 carry 1 mark each. 
3. Section B : Q. No. 17 to 25 are Short answer type I questions and carry 2 marks each. 
4. Section C : Q. No. 26 to 30 are Short answer type II questions and carry 3 marks each. 
5. Section D : Q. No. 31 to 33 are Long answer questions carrying 5 marks each. 
6. There is no overall choice. However, an internal choices have been provided. 
7. Use of calculators and log tables is not permitted. 


SECTION A : Objective Questions 


The following questions (i-iv) are multiple choice 


Case Based Questions 1 : 
questions. Choose the most appropriate answer : 


Ts е гаа below and answer (i) If conductivity of 0.00241 M acetic acid is 
qu о че — edi) 7.896 x10? S cm™}, ће molar conductivity 

olar conductivity of a solution is the | А : 2. 4-1 
conductance of solution containing one mole of of the solution shall be (іп 5 cm" то! ) 
electrolyte, kept between two electrodes having (a) 3.276 (b) 0.3276 
unit length between them and large cross- (c) 32.76 (d) 327.6 
sectional area, so as to contain the electrolyte. (ii) Molar conductivity of a solution is 
In Sari MA e Preig is Dd 126 x 1020 ^! cm?motl ! . Its molarity is 
conductance of the electrolytic solution kep 0.01 sigs i s . 
between the electrodes of a conductivity cell at (a) 1 ә ы 1 соне conductivity wil be 
unit distance but having area of cross-section x (b) 126 x 10 
large enough to accommodate sufficient volume (c) 126 x 10* (d) 126 x 10? (1) 
of solution that contains one mole of the (iii) The increase in molar conductivity of HCl 
electrolyte. It is denoted by A m- with dilution is due to 
Bv knowing molar concentration (C) and (a) increase in self-ionisation of water 

y g 
conductivity (к), Am can be calculated. (b) hydrolysis of НСІ 
A^, is called molar conductivity at infinite dilution. ui еен ш self-ionisation of water 
The molar conductivity of strong electrolytes is л шы forces (1) 

r 


found to vary with concentration according to the Highest mol - 
Debye-Huckel Onsager equation. exhibited E ar conductivity will be 
In that equation, Ais constant depending upon the (a) 0.005 M 4 
type of electrolyte taken and nature of solvent and | acl 
temperature. 


(b) 0.1 M NaCl 
(c) 0.5 M NaCl (d) 0.01 M NaCl 
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(iv) Which of the following is wrong about In these questions (i-iv) a statement of Assertion 


ivi followed by a statement of Reason is given. Choose the 
pps cc AM Avogadro correct ue out of the following choices : 
M sod rim кчы, ык of the electrolyte, (a) Assertion and Reason both are correct statements 
(b) It is the product of specific - ' and Reason is correct explanation for onan 
conductivity and volume of solution in (0) Assertion and Reason both are aay i 
cc containing 1 mole of electrolyte. but Reason is not correct explanation for 
(с) Its unit is ohm! cm?mol"! Assertion, — 
(d) Its value for 1 M NaCl is same as that (c) Assertion 15 correct statement but Keaso 
of 1 M glucose solution.. шоопес баавар | 
(9) Assertion is incorrect statement but Reason is 
2. Read the passage given below and answer the correct statement. 
following questions : (1x4=4) 


(i) Assertion Boiling point of alkyl halides 


Alkyl halides are colourless when pure. increases with increase in molecular weight. 


However, bromides and iodides develop 


ili i i ein 
colour when E is light. Many volatile doo ee hn 
halogen compounds have sweet smell. . » | | . f - 
Methyl chloride, methyl bromide, ethyl ш) dni n Alkyl halides are soluble in organic 
chloride and some chlorofluoromethanes are M 
gases at room temperature. Higher member Reason p-dichlorobenzene possesses low 
are liquids or solids. As we have already melting point. 
learnt, molecules of organic halogen (iii) Assertion Lower members of alkyl halides are 
compounds are generally polar. Due to greater colourless gases. 
polarity as well as higher molecular mass as Reason Alky! halides in general turn black. 
compared to the parent hydrocarbon, the Or 
intermolecular forces of attraction | 
(dipole-dipole and van der Waals' are stronger Assertion Haloalkanes does not show 
in the halogen derivatives. That is why the H-bonding. 


boiling point of chlorides, bromides and 
iodides are considerably higher than those of 
the hydrocarbons of comparable molecular 


Reason Haloalkanes are soluble in water 
(iv) Assertion Fluoride has the lowest and iodide 


has the highest boiling point. 
nd | d rm Reason Boiling points of haloalkanes 
tomo, lodo and polychloro derivatives o increases with increasing atomic mass. 
hydrocarbons are heavier than water. The 


density increases with increase in number of Multiple Choice Questions 

carbon atoms, halogen atoms and atomic Following questions (No. 3-11) are multiple choice 
mass of the halogen atoms. questions carrying 1 mark each : 

The haloalkanes are only very slightly soluble 


in water. In order for a haloalkaneto dissolve $» It is true that 


in water, energy is required to overcome the (a) a second order reaction is always a multistep 
attractions between the haloalkane molecules reaction, ug | | 

and break the hydrogen bonds between water (b) а zero order reaction is a multistep reaction 
molecules. Less energy is release when new (c) a first order reaction is always a single step 
attractions are setup between the haloalkane reaction | | | 
and the water molecules as these are not as (d) a zero order reaction is a single step reaction 


strong as the original hydrogen bonds in 
water. 


pe 
t 


мет 


v v 
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Or 8. lodoform test is not given by 
A reaction involving two different (a) 2- pentanone (b) 3-pentanone 
reactants can never be (c) ethanal (d) ethanol 
ymca 9, Coordination number of Fe in [FEN 
(c) first order reaction | nd [Fe(CN)< Р" are respectively 
(d) unimolecular reaction (a) 2and 3 к й = А 
d3 an 
4. Which of the following is a | | Oats Or 
monosaccharide? 2 
(с) Lactose (d) Maltose Нэм, | pis 
to гар (d) Cellulose Give the name of СІ---- Со 7A 
5. Solutions A, B, C and D are respectiyely HN | Nd 
0.1 M glucose, 0.05 M NaCl, 0,05 Mc - OH; 73 
BaCl, and 0.1 M AICI Р : : 
Which one of the foll с pia (a) tetraammineaquacobalt eee : 
isotonic ? pri ; (b) tetraamminediaquacobalt (III) chloride 
(a) Aand B (b) Band C (c) tetraamminediaquacobalt (IV) chloride 
(c) A and D (d) A and C (d) None of the above 
; d TESI 
6. Half-life of a reaction is found to be 10. For the given rate expression- КА] [B] , 
inversely proportional to the cube of initial unit of fate constant is a 
in concentration. The order of reaction is (a) mol L s~ (b mol Ls 
йг (a) 4 (b) 3. j (c) mor! L7! (d) None of these 
8 б (95 @)2 11. For the given rate expression = КАУ? [B], 
У бт OF зо! UN у, the overall order of a reaction is 
t = The rate of the reaction, | К (a) zero (b) half 
5 CCI4CHO +NO —> CHCl; +NO+CO (c) one (d) two 
Or 


is equal to rate k[CCI4CHO] [NO]. If 


em : 
concentration is expressed in mol/L, the The unit of the rate constant of nth order is 
unit of k is ; (а) mol! ^ L^^1 s^! 
(a) Lmol !s*! (b) mol 17157! (b) mol^-! L!-^ 5-1 
(с) 1210125! (d) s. (c) mol" L”! s 
| ‘ (d) mol” L^" s~! 
7. The pK, values of different amines are 
given below. Assertion-Reason 
a a C ANM age In the following questions (Q.No. 12-16) a statement 
SNo __Gompound >. ырбы, of Assertion followed by a statement of Reason is 
1. Methanamine 3.38 given. Choose the correct answer out of the following 
2. N,N-dimethy| aniline 8.92 choices. i 
3 Ethandril 329 (a) Both Assertion and Reason are correct 
: dac г ' statements and Reason is the correct 
4. Phenyl methanamine 4,70 explanation of the Assertion. 


(b) Both Assertion and Reason are correct 
statements but Reason is not the correct 
explanation of the Assertion. 


Among the given compounds, which one 
is the weakest base ? 


(a) Methanamine d 
(b) N, N-dimethyl aniline (c) Assertion 15 correct but Reason is 
к оң diea Incorrect statement. 

(d) Assertion is incorrect but Reason is 


(d) Phenyl methanamine correct statement. 


| 
| 


cAMPLE QUESTION PAPER 2, 


12. Assertion Glucose does Not gives 2, 4-DNP 


test. 


Reason Glucose exists in cyclic hemiacetal 


form. 


3, Assertion Phenol is less acidic than 


p-nitrophenol. 


Reason Phenolate ion is more stable 
p-nitro phenolate ion. 


14, Assertion Order of the following 
reaction, 


than 15. 


2NO(g) +2Н,(9) — 2H,0(g)+N,(g) 


is 3. 


16. 


Reason Order of the reaction with respect 


to given reactant is the power of the 
reactant's concentration in the rate 
equation. 


453. 


Or 


Assertion Decomposition of gaseous 
ammonia on a hot platinum surface is a 
zero order reaction at high pressure. 


Reason At high pressure, the metal surface 
gets saturated with gas molecules. 


Assertion In the coordination compound 
[Co (H,NCH;CH;NH; ); Ь, 
ethane-1,2-diamine is a neutral molecule. 
Reason Oxidation number of Co in the 
complex ion is +3. 


Assertion Ethanol and acetone 

shdw plsitive deviation from Raoult's law. 
Reason Pure ethanol molecule show 
hydrogen bond and on adding acetone 
hydrogen bond between ethanol 
molecules break. 


SECTION B: Short Answer Type | Questions 


17. Give the balanced equations for the 
following name reactions 


(i) Rosenmund's reaction 


20. 


(ii) Formaldehyde is treated with ammonia. 


18, Name the type of isomerism shown by the 


following pair of compounds. 
(i) [CoCI(H. O(NH, ),]Cl, and 
[CoCl, (NH, ), ]CI-H50 
(ii) [Pt (NH, ), ] [CI ;] and 
[P(NH;), Cla] ICI] 
Or 


21. 


22. 


Name the type of isomerism shown by the 


following pairs of coordination 

compounds. 

(i) [Co(NH;); NO;]Cl; and 
[Co(NH;); ONOJCI; 

(ii) [Cr(H.0); ССІ -H,O and 
[Cr(H,0),Cly]C!-2H20 


28. 


19, What are essential and ш 
amino acids? Give two examples each. a 


Or 


a having an aldehyde group, 
Despite having à 2, 4-DNP test. 


glucose do not give ^ 
Why? 


Answer the following questions : 
(i) Give a chemical test to distinguish 
between methanol and dimethy! ether. 


(ii) Which of the reagents between methanol 
and dimethyl ether will not react with 
Grignard reagent? 


Deficiency of what vitamins cause 
following disease. 

(i) Night blindness (ii) Scurvy 
A0.05 M NaOH solution offered a 


resistance of 31.6 О in a conductivity cell. 
If the cell constant of the conductivity cell 
is 0,378cm"', determine the molar 


conductance of NaOH solution at this 
temperature, 


Complete the following chemical reaction 
equations: 
(i) MnO; (ад) + COF (aq) Н (ag) — 
(ii) СОТ (aq) + Fe" (aq) « H*(aq)—» 
For the given reaction, 
N,(g)+ 3H,(g) — 2NH,(q) 
if A [NH,]/At=4 x10 mol Ls, 
then what is the value of - A[H,]/ At? 
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Or (a) What is the order of the reaction? 
Consider the following : (b) What are the units of rate constant, (к) 
In [R] vs time (min) plot. for the reaction? 
25. Write the structure of the major 
organic products in each of the following 
| reactions : 


(a) CH;CH,CH,OH + SOCI, — 


in {A | 
(b) CH4CH;CH — CH; * HBr IEEE 


— — Time (min) 


SECTION C: Short Answer Type II Questions 


amma (6 
26. A strip of nickel metal is placed in a 1M C. The сотїрош C Teacts with'atety] 
solution of Ni(NO 3) and a strip of silver chloride юе whichis a populär 
metal is placed in a 1M solution of AgNO}. pain killer. Deduce the structure of A, В,С 
An electrochemical cell is created when the and D. 


two solutions are connected by a salt bridge 29. Identify the compounds A, B, C and D 
and the two strips are connected by wires to required for the following conversion, 


a voltmeter. кз ла 
Сіуеп, Е + =— 0.25 V СН, МО, — —— C,H4NH, —— 
1 1 
[С] 
= 0.80 V CN GO бан op. E. 
Ag /Ag C,H,OH 


Write the balanced equations for the 


overall reactions occurring in the cell and 0. Write the steps to carry out the following 


calculate the cell potential. TEE NO; 
27. [CoF, P^ is a coordination complex ion 
(i) What is the oxidation number of cobalt in (i) © 0 | 
the complex? 
(ii) State the magnetic behaviour of the NH3 


complex. NH, NO, 
(iii) Give the IUPAC name of the complex. 
| Ог (ii) С — 
For the complex ion of [Fe(CN), [> Вг Вг 
(i) Show hybridisation diagramatically, I 
(ii) Is it an inner orbital complex or an outer OF 


7 orbital camplext (i) Give reason for the following 
(iii) State its magnetic property. (a) Gabriel phthalimide synthesis is not 


28. An organic compound 'A' having preferred for synthesising aromatic 
molecular formula, C; H5 OO gives a primary amines. 
characteristic colour with aq. FeCl, (b) tert-butylamine cannot be prepared by 
solution 'A' on treatment with CO; and theaction of NH, on tert-butyl bromide. 


NaOH at 400 K under pressure gives 'B', 


(ii) Give one chemical test to distinguish 
which on acidification gives a compound gu 


between ethyl nitrile and nitroethane. 


SAMPLE QUESTI 


SEC 
1. (i) 100 TION D; Long A i 
31. 9 mg ofa protein, nSwer Type Questions 
Eug : i: үз, ш (b) R—CH =сн—СНО 
. If 0 тії, г ИЙ 
рім of 1 lution has an om 0 н. 
ат B85 of tt 2° Whi к= nh 
=, + 2— em 
17? 2 
Hg=1at ) K^ and 760 mm O 
(ii) What is the | 
: molari C—CH Ht 
which has a de My of HS0, solution (c) ° NH; ЖЫ 
and contains Boe 1.84 g/cc at 35°C + CH3CH2 
. : % b : 
г (i) D Y Weight 2 | 
ты eon of the following (ii) Give the chemical reaction of the 
C pressure | | s fallowing : 
(b) Ebullioscopic constant \ ee nim of phenol to 


2, 4, 6-tribromophenol. 
(b) Hydroboration of propene ап 
oxidation to propanol. 


the Vapour d then 
в 15 0.256 bar and 
3 (toluene) is 


е ° ‘on of 
€ fraction of toluene 33. (i) Write down the electronic configuration 


ис 


mole fraction of (a) Cr3* (b) Cu* 
toluene i ion i * 
(a) MSS Is 0.6. Then, (c) Co?* (d) Mn” 
| е the total pressure of the (ii) Describe the cause of the following 
solution? variations : 
b) what will b fracti н 
( е the mole fraction of each (а) Cr^* is stronger reducing agent than 
component in vapour phase ? Pet. 
' 92. (i) An organic compound A with the (b) E°(M"* /M) value for copper is 
molecular formula C} H,4O forms positive (+ 0.34 V). 
2, 4-DNP derivative which reduces ' (c) Cobalt (II) is stable in aqueous 


Tollen's reagent and undergoes solution but in the presence of 
complexing reagents, it i 


Cannizzaroreaction. —— бей, s easily 
On vigorous oxidation, it gives | 
1.2-benzene dicarboxylic acid. s _ Or 

(i) Calculate the ma 


Identify the compound A. divalent ion їп а soar Moment of a 
(ii) Give simple chemical tests to distinguish [Fe(F,O), 2. i ө Solution 

between the following pairs of is 26. mic number of fe 

unds: | T . 
E and propanal. (i) onm ps lollowing А 
| у does Cy | 
M lowi from acids? NOt displace hyd; 
win 2 De: 

(i) Predict the products of the following (b) Why E values TN oen 


. . тоте це є n Ni 
reactions : Jative th ДАЛЕ 
О (с) Why first ig ап ex Nd Za 


. .‚ Pect - ©з. 
н, that “sation M = 

(а) e + NH,—0H of Zn ? of Cisl, 
. j Ча L 


Solutions 


3. (b) A zero order reaction is a multistep reaction. 
Or (d) In a reaction involving two different reactants can 


` () (c) Here, А = Kx1000 
M 


0.00241 
A, = 32.76 a) 
100 1000 хк A, x Molarity 


(il) ©) A, = —— ог к Sn *Mo'arty 
Molarity 1000 , 


_ 126x107 x 001 5 
T =126х10 " 


(iii) (0) The increase in molar conductivity of any strong 


electrolyte like HCI with dilution is due toalecrease in 
the interionic forces. мот эо" (1) 
Ог 
(a) A, = к xV, where V is the volume of solution 
containing 1 mole of the solute. Specific conductivity 
(к) decreases with dilution but volume increases 
much more on dilution. Hence, Mn increases with 
dilution. As volume containing 1 mole of NaC! will be 
highest for 0.005 M NaCl solution, the product of 
к xV will be highest and hence A, will also be 
highest. (1) 


(iv) (d) Statement (d) is wrong about molar conductivity. 


Glucose is a non-electrolyte and hence question of 
having molar conductivity does not arise. (1) 


2. (i) (b) Both Assertion and Reason are trüe but Reason 


Or 


is not the correct explanation of Assertion. 
Greater the molecular mass, stronger the van der 
Waals' forces of attraction and hence higher is the 
melting point/boiling point. (1) 
(ii) (C) Assertion is correct but Reason is incorrect. 
Due to symmetrical nature and more close packing, 
p-dichlorobenzene has high melting point. (1) 
(iii) (с) Assertion is correct but Reason is incorrect. 
Alkyl iodides in general turn brown due to liberation 
ofl; on their decomposition by the action of air and 
light. ' (1) 
(c) Assertion is correct but Reason is not correct. 
Even though haloalkanes are polar molecules, still 
they are insoluble in water. This is due to the fact that 
haloalkanes can neither form hydrogen bonds with 
water nor they can break the hydrogen bonds 
already existing between water molecules. (1) 
(iv) (a) Both Assertion and Reason are correct and 
Reason is the correct explanation of Assertion. 
For a given halogen the boiling point rises with 
increasing atomic mass of the halogen, so that 
fluoride has the lowest boiling point and iodide has 
the highest boiling point. (1) 


4. 


never be unimolecular reaction. (1) 
(с) Fructose is a monosaccharide. It is a simple 
carbohydrate which are composed of single unit of 
saccharide and cannot be hydrolysed further to give 
simpler unit of polyhydroxy aldehyde or ketone. (1) 


5. (a) Isotonic solutions have same molar concentration of 


6. 


10. 


solute particles in solution. Molar concentration of 
solute particles in solution are 0.1 M in glucose, 

2 x0.05M in NaCl, 3x0.05in BaCl, and 4 x 0.1in 
AlCl}. Therefore, 0.1 M glucose (А) and 0.05 M NaC! 


« (B) solutions are isotonic. (1) 
(a) tye cy 
1 
when, tye Sz 23 
п-1=3 Seo=3+1=4 
Hence, order of reaction = 4 (1) 
Or 
(a) Rate -2- k[CH4CHO][NO] 
» Ох 
~ at x[CCICHO][NO] 
_ mol/L 
8 xmol/L xmol/L 
=Lmol s7 (1) 


. (b) Smaller the value of pK,, stronger is the base. Since 


the value of pK, for N, N-dimethyl aniline is the highest 
among the given compounds, it is the weakest base(1) 


. (b) Since, 3-pentanone does not contain 


CH; ф#) р group, it does not give iodoform test. 


О (1) 


. (b) The number of ligands attached to the central metal 


ion is called the coordination number. 
So, coordination number of Fe in [Fe(CN) "ue and 
[Fe(CN); P" are 6 and 6 respectively. (1) 
Or 

(b) The IUPAC name of the given compound is 
tetraamminediaquacobalt (Ill) chloride. (1) 
(a) Rate = К[А]! [B]' 

Rate 
[A] [B] 


| -1,-1 
Su в. = mol! Ls"! 
[molL" ] (1) 


SAMPLE QUESTION PAPER 2, 
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11. (a) Rate = [Ау [BY '!- (i) When formaldehyde is treated with arnmonia, then 
urotropine is forrned. 
Order = x i y О 
^ Order is (3) + (-1) = 1/2, i.e. half-order, a) 6H—C—H + 4NH, ——>(CH,),N, + 6H,O 
к — (1) 
(a) The units of rate constant of n® order is 18. () [CoCl(H,0)(NH,),]C, and (CoCl(NH;), JCI: = 
mol! "^ L^! g-'. | (1) the difference is in the numiber of water molecule 
12. (a) Both Assertion and Reason are true and Reason is каа и WEN кзы od v ч 
the correct explanation of Assertion, (1) molecule of water of crystallisation (i.e. outside the 
a coordination sphere). Hence, they are called hydrate 
13. (c) Phenolis less acidic than p-nitrophenol because isomers, (1) 
— NO, is strongly electron withdrawing grou iti ei 
p-nitrophenolate ion is more stable ндн Е ion, V a m Hin ML caedi a 5 
Hence, Assertion is correct but Reason is incorrect, (1) .the distribution of ligands in cation and anion. Hence, 
14. (a) Order of the following reaction, they are coordination isomers. (1) 
2NO(g)* 2H;(g) —> 2H;O(g)-- N,(g)is 3. As we Or 
know that, order of the reaction with respect to given (i) In both compounds, ambident ligand NO, is present. 
reactant is the power of the reactants concentration in In (Co(NH3NO.]Cl,, NO, is coordinated through N 
the rate equation. and in [Co(NH4).ONO]CI,, NO, is coordinated 
Thus, both Assertion and Reason are correct and through О. Hence, they show linkage isomerism. (1) 
Reason is the correct explanation of Assertion, (1) (ii) These isomers differ from each other in number of 
Or water molecules coordinated to central metal atom. 
(а) Itis а zero order reaction at high pressure. ге. (Cr). So, they show hydrate isomerism. (2) 
e 19. Amino acids which are synthesised by the body are 
2NH,(9) oa d No(g) + ЗН,(9) called non-essential amino acid, e.g. glycine, alanine. 
б У The amino acids which cannot be synthesised in the 
Rate =k [NH] =k body and must be obtained from diet are known as 
In this reaction, Pt acts as a Catalyst the metal essential amino acids. e.g. lysine, valine etc. (2) 
surface gets saturated with gas molecules at high Or 
pressure. Although, glucose in its open chain structure contains 
Thus, a further change in reaction conditions does not a free aldehydic group yet, it does not give 2, 4-DNP 
alter the amount of ammonia on the surface of the test, a characteristic reaction of aldehydes, i.e. — CHO 
catalyst making rate of the reaction independent of its groups. This is because glucose actually exists in the 
concentration. (1) Cyclic hemiacetal form with only a small amount of the 
15. (b) Ethane-1, 2-diamine is a neutral molecule as it open chain form in equilibrium. Since, the 
carries no charge. Oxidation number of Co in the concentration of the open chain form is very low and its 
complex ion is +3. reactions with 2, 4-DNP are reversible, thus its 2, 
Both Assertion and Reason are correct but Reason is 4-DNP adduct is generally not observed (2) 
not the correct explanation of Assertion. (1) 20. ()ltcanbe distinguished by the reaction with Na as 
16 shown below : 


(a) Ethanol molecule shows hydrogen bonding. 

On adding acetone, its molecules get in between the 
host molecule and break some of hydrogen bonds 
between them. Due to weakening of interaction, the 
mixture of ethanol and acetone shows the positive 
deviation from Raoult's law. 

Thus, Both Assertion and Reason are correct and 
Reason is the correct explanation of Assertion. 


(1) 


2CH.OH + 2Na —5 2 CH, ONa +H, f 
CH4OCH, + Na —»o No change 

Methanol reacts with sodium to liberate hydrogen 
gas and dimethyl ether does not react with sodium. 


(1) 
(ii) Dimethyl ether being aprotic is unreactive towards 
Grignard reagent. (1) 


21. Deficiency of vitamin A causes night blindness and 
| 17. (i) Rosenmund's reaction 
O0 


0 deficiency of vitamin C causes scurvy, (2) 


|| Pd, BaSO, Же 22. Given, concentration С = 0.05 M, 
ъ=, Bolling xylene a (1) resistance (В) = 31.60, 


cell constant (G) = 0.378 cm", 


A 
ма 762), 
= 
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Molar conductance, 
_ 1000 „0. 378 


"0.05 316 
= 239.2407! cm? тог! (2) 


23. () 2MnO; + 5С,02- + 16H* -——, 
2Mn** + 8H;O +, 10CO; (1) 


(ii) С.О? (ад) + 6Fe?* (aq) + 14H* (ag) — 
2Cr?* + eFe?* + 7Н,0 (1) 


24. N2(g) + 3H2(g) —> 2NH;(g) 


Rate of reaction = – A[N2] 
At 
__ 1 A[H3] 
3 At ү 
_, 1 АМН] 
2 At 
_ 1 АН], 1 AINHg] 
3 At 2 At 
-А [Н] | 3, , 49-8 
At 2 з 
-6x10'?molL !s^' (2) 
Or 


(a) The given plot shows the first order reaction. 


(b) Unit of = (mol 1 ^ s^' 
= (mol 17 *.75s7! 27! 


25. (a) CH,CH;CH;OH + SOCl, 
_ Propan-1-ol 
_iPwrigine_"s CH}CH;CH;CI + 50, T+ HCI 
1-chloropropane (1) 
(b) CH;CHjCH = СН, + HBr 22 > 
CH4CH;CH;CH;Br 


(2) 


(1) 


26. Half-cell reactions for the given case are as follows 


At anode (oxidation) 
Ni (s) —o Ni?* (1M) + 2e ; 


E° у = 0:25V (1/2) 


At cathode (reduction) 
2Ag*(1M)+2e —> 2Ag(s) ; E, v ag - 0.80 V (1/2) 


Thus, the overall reaction is 
Ni+ 2Ag* —> Ni” + 2Ag 
m сараар ~ a 
= En? МАД Кум "T 
Есу = 0.80- (-0.25)= 1.05 V 


e ; Ni? 
Ecen = Ecel x с ойрот 3 [^0 22] 
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0. = log (1) 


Exo = 1.05- 
= 00%, 0=1,05V 
2 (2) 
27. (i) Let the oxidation number of Co in the complex ion 
[CoF;]?" is x, then 
х + 6-12-3 
(1) 


=> х= + 3 Р 
(il) Electronic configuration of P = 607 pk 4s? 


Co atom = ШИШИП 


For Co?* = [А(]32®,45° 
6 450 


30 
Co?* ion = E 


4 unpaired electrons 
Therefore, there are 4 unpaired electrons. 
Thus, it is paramagnetic. 
(iii) Hexaflouridocobalt (IIl) ion. 
Ог 
(i) Let the oxidation number of Fe in the complex ion 
[Fe (CN)g] 3- рех 
Then, 


LI» 


Electronic configuration 
Fe = [Ar] 3d 94s? 


x+ 6(-1)=-3 
Х= + 3 


= 


3d* 457 4p" 
For Fe?* ШИ 
CN" being strong field ligand, paired 
up the d-electrons of the metal 


For d sp? hybridisation 


3d 45 4p 
ШОО CLL] 
—— a 


d? sp? hybridisation 
Six pairs of electrons from six СМ” ions 


3- 


CN 
Structure octahedral 


[Fe(CN) T " 


(ii) It is an inner orbital complex as inner d-orbitals take 
(1) 


part in hybridisation. 
(iii) It is paramagnetic due to the presence of unpaired 
electron. (1) 


SAMPLE QUESTION PAPER 2, 


OH Na 
(i) NaOH COOH 
„%С0;.. HOI 
EF TUM 
Phenol 
(А) 


Sodium 
Salicylate 
(В) 


СООН 
б с 


ш acid 


OCOCH, 


| ‚СООН 


Aspirin 
(D) 


(3) 

Sn+HCl NaNO»--HCI = 

29. Сено, Sune, ар" CoH NH ES OH Nil 
Nitrobenzene Aniline 


оноо 
Ce H,OH «0н C о 
Phenol Chlorobenzene 
2 
1. A—> Sn + HCl v 
B — NaNO, + HCI 
C — Cu,Cl,/HCI 


D —> 2NaCH + Dil. HCI 


(i) Conc. ee. 
ConcH,S0, 7 H2SO, 


Benzene 


NHCOCH, 
(i) SECOND , Conc. cs an 
“руде > H2504 


NaNO./HCI 
QUAM. 
273-278 К 
Br Br 


N=NCI NH2 NO2 


(1) 
№, NH, 


Sn/HCI 
Reduction 


(CH3C0)20 
Pyridine 


NHCOCH, 


os 


б 
H* ge a 5 


Conc.HNO3 
ТРЕ 


(Eo H2SO0, 


9 %) 


NHCOCH, 


- мо 


Bro/CH4COOH 
«————— 


15, 
NO; ` 


V 
Br Br (1%) 
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Or 


(i) (8) Gabriel phthalimide method is not useful for the 
preparation of aromatic primary amines because 
ary! halides do not undergo nucleophilic 
substitution with the anion formed by 
phthalimide. (1) 


(b) Ammonolysis (action of NH.) gives the highest 
yield with 1° halides where substitution 
predominates because 1° halides behave as 
nucleophile while in case of 3° halide elimination 
predominates, where 3° halide acts as base. 


Therefore, tert-butylamine cannot be prepared by 
the action of NH, on tert-butyl bromide. 


(1) 
(ii) Ethyl nitrile (С "mo nitroethane (C;H.NO;) 
Nitroethane gives a blood red colouration when 

treated first with nitrous acid and then with 
aqueous NaOH solution. Ethyl nitrile, however, 
does not give this test. The reactions are given 


below: 
CH,CHANO, EL CH;—C—NO, 
Nitroethane AEN 
NOH 
Nitrolic acid 
NaOH 
н,-б—но, 
NONa 
Sodium nitrolate 
Blood red colouration (1) 
31. () Mass of protein, w = 100 mg 20.1 g 


Volume of solution, V = 10 mL z0.01L 


Osmotic pressure, т = 133mm Hg- E atm 


= 0.0175 atm 
В = 0.0821L atm mor! K~? 


Т=25°С =(25+ 273)К =298К 
Using the formula, 


Molar mass of protein, M = WRT 
T 
_ 019 x 0.0821L atm тог! К^! x298K 
^  O0if5amxOOil ^ 
= 13980.5 g mot” 
: Mass of solute x 1000 
la mM EM M: 
(Molarity (M) Molecular mass x volume 
y M. 100 
D 184 
m = 98.1000 x 1.84 
~ 98x 100 


(3) 


=184M 
(2) 


460 


Or 

(i) (а) The osmotic pressure of a solution is the excess 
pressure that must be applied to a solution to 
prevent osmosis, i.e. to stop the passage of 
solvent molecules through a semipermeable 
membrane into the solution. 
It is a colligative property as it depends upon the 
number of solute molecules and not on their 


nature. (1) 
(b) It is defined as the elevation in boiling point for 
1 molal solution. It is denoted as Ky. (1) 


(i) (а) Ассогаіпо to Raoult's law, 
For toluene, p, = p? x xi 
р? =0.0925 bar and y, = 0.6 
Then, д = 0.0925 x 0.6= 0.055 да c (1/2) 
For benzene, р, =P3x X2 © устуо! 
Mole fraction of benzene, — ^ 
Xo =1-y,=1-06 =0.4 | 
and p? =0.256bar ^ 
Then, p> =0.256x0.4=0.1024 bar (102) 
Total vapour pressure of solution, 
Роа = Pi + P2 
= 0.05554 0.1024 = 0.158bar (1) 
(b) Mole fraction of toluene in vapour phase, 
_ p, 00555 
^ Prota 0.158 | (1/2) 
Mole fraction of benzene in vapour phase, 
p,  0.1024.- 0.648 
Pu -~ 0.158 (1/2) 


32. (i) (a)As the given compound with molecular formula 


CgH, 0 forms a 2,4-DNP derivative and 
reduces Tollen's reagent, thus it must be an 
aldehyde. (1/2) 
(b)As it undergoes Cannizzaro reaction, hence 
— CHO group is directly attached to the 
benzene ring. (1/2) 
(c) On vigorous oxidation, it gives 1,2-benzene 
dicarboxylic acid. Therefore, it must be an 
ortho-substituted benzaldehyde and the only 
o-substituted aromatic aldehyde which have 
CgH,gO molecular formula is o-ethyl 
benzaldehyde. (1) 


Reactions involved 


CHO B 
[Ag(NH4;]*OH" Рез 
Tollen's rea + Ag Y 

gent 

C; Hs С.Н, Silver 


o-ethyl benzaldehyde 2-ethylbenzoate mirror 
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CHO COOH 
© QC 
OOH 
C2H5 1, S die (1) 
dicarboxylic acid 


(ii) Distinguish test between ethanal and propanal 
Ethanal because of the presence of CH,CO skeleton 
gives iodoform test, whereas propanal due to the 
absence of such a skeleton does not. (1) 


CH,CHO + 4NaOH + 3, — CHI, + 


‘odiurr lodoform 
Ethanal hydroxide (yellow ppt.) 


+HCOONa+_ 3Nal_ +3H,O 


Sodium iodide 


CH,CH;CHO+ — 4NaOH + 31. — No reaction 
Sodium hydroxide 


Propanal 
| (1) 


Ог 
10 +H iN—OH . NOH 
QUO oe C 
-H20 


Cyclopentanone Hydroxylamine Cyclopentanone 
oxime 


" (1) 
ee, | | e 


R—CH=CH—CH iO + Hz; N—NH—C—NH;— > 
( ) Unsaturated aldehyde Semicarbazide Е 


| 
R—CH= CH—CH=N—NH—C—NH> 
Semicarbazone 


CH3 (1) 


Mor + 
C—|O T Hj} мснсн > 


(c) ' of арте -H20 
Ethylamine 
CH3 


Acetophenone 
C= NCH 2CH 3 


Schiff's base 


(1) 


(ii) (a)When phenol is treated with bromine water, 
2,4,6-tribromophenol is formed as white 
precipitate. 


OH OH 
Br Br 
BBH, + 3HBr 
Phenol 
Br 


2, 4, 6-tribromophenol 
(white ppt.) (1) 


1А 
1 


1 
! 


SAMPLE QUESTION PAPER 3 - 


(b) (Anti-Markownikofl's 
CH3;—CH=CH, + (H—BH,) Addition) 
Propene ` А : 


quce CH, Cs CH=CH, 
| 


н вњ 
сн el a 
( 4—CH;—CH;);B 3H;0; OH 
B(OH); + 3CH4— CH;— CH;— OH 
Propan-1-ol 


j (1) 
33. (i) (a) Cr?* (Z =24)=15°25°2р®35°3р®за? 


Here, 1s?2s?2 p* 35? 3p refer to the electronic 
configuration of [Ar]'®, thus electronic 


configuration of Cr?* can be written as: 
Cr?* = [Ar] 3d? 


(b)Cu* (Z 229) = [Ar]®3d"° 
(с)Со?* (Z = 27) = (Ar]?3d" 
(d)Mn?* (Z =25) = [Ar]^ 3d? t ol 


(i) (a)In case of, | 
Cr? — СтЗ", E° (Сг —э Gr**)=-0.26V 
cr —— Cr**, Е° 0.26V 
In case of, _ | 
Fe? — Fe”, E° Fe”) — Ғе“ = + 077 V 
Fe?* — Fe? E° = -0774V 
Thus, the order of strength for Cr?* and Fe?* as 
reducing agents isCr° > Fe?*. (1) 

j imati ionisation enthalpies and 
High sublimation and ionisation | 
P is enthalpy of hydration are responsible for 

possible E° Си? /Си'. (1) 
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(с) Cobalt (IIl) ion has greater tendency to form 
complexes than cobalt (Il) ion. 
Therefore, Co (Il) ion being stable in aqueous 
solution, changes to Co (IIl) ion in the 
presence of complexing reagents and gets 
oxidised. (1) 

| uy Or 
(i) Magnetic moment (и) = 4/n(n + 2) BM 
Atomic number of Fe = 26.= [Ar] 3a 4s* 


Fe?* = [Ar] 3d 54s? = 
Ѕо,н = Jnn + 2) | 
= [4(4 +2) «24 = 4.89 BM быга. (@ 


(1) (87 Sirice, Cu lies below hydrogen in 
electro-chemical series and has a positive value 
of electrode potential, it cannot displace 
hydrogen from acids. ` 

(b)Mn?* and Zn?* have stable half-filled and 
fully-filled electronic configuration respectively. 
Ni has highest negative enthalpy of hydration. 
Therefore, the E? values for Mn, Ni and Zn are 
more negative than expected. 
(c) The electronic configuration of Cr and Zn are 
Сг= [Arf3d? 4s' 
Zn= [Ar] 3d P 4s? 
By losing an electron, Cr attains stable 
d? configuration. In Zn, electron has to be 
removed from 4s-orbital which is held more 
strongly by the nucleus. Therefore, the first 
ionisation enthalpy of Cr is lower than that , 
of Zn. (3) 


SAMPLE QUESTION PAPER 3 


A HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XII 


CHEMISTRY [unsolved] 


Instructions 


1. There are 33 questions in this question paper. All questions are compulsory. 
2. Section A: Q. No. 1 to 16 are Objective Type Questions. Q. No. 1 and 2 are Case Based 
4 marks each while Q. No. 3 to 16 carry t märk each. 


Questíons carrying 


. Section B : Q. No. 17 to 25 are Shórt 'àhswer type I questions and carry 2 marks each. 
. Section C : Q. No. 26 to 30 are Short answer type II questions and carry 3 marks each. 


. There is no overall choice. However, an internal choices have been provided. 


3 

4 

5. Section D : Q. No. 31 to 33 are Long answer questions carrying 5 marks each. 
6 

7 


. Use of calculators and log tables is not permitted. 


SECTION A: Objective Questions 


Case Based Questions 


1. Read the passage given below and answer 
the following questions : 


The magnitude of conduction depends upon 
the nature of the material. It also depends 
upon the temperature and pressure at which 
the measurements are made. Materials are 
classified into conductors, insulation and 
semiconductors. It depends on the magnitude 
of their conductivity. 


Electrical conductance through metal is due to 
the movement of electrons and termed as 
electronic or metallic conductance. It depends 
upon the nature and structure of metal, 
number of valence electrons per atom and 
temperature (it decreases with increase of 
temperature). 


Pure water has very low conductivity but when 
electrolytes are dissolved in water, they 
furnish their own ions in the solution, hence its 
conductivity increases. The conductance of 
electricity by ions which are present in the 
solutions is called electrolytic or ionic 


(1x4-4) 


conductance. The conductivity of electrolytic 
solutions depends on the nature of the 
electrolyte, size of the ions produced and their 
solution, nature of the solvent and its viscosity, 
concentration of the electrolyte and 
temperature (it increases with the increase in 
temperature). 
(i) The conductivity of strong electrolyte 
(a) increases on dilution slightly 
(b) decreases on dilution 
(c) does not change with dilution 
(d) depends upon density of electrolyte itselt 
(ii) The variation of molar conductivity 
with concentration of an electrolyte (X) 
in aqueous solution is shown in given 
figure. 


Molar 
conductivity 
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The electrolyte X is Osmotic pressure is a colligative property, 
(a) HCI (b) NaCl Molecular mass of a solute can be determined 
(c) КМО, (d) CH;COOH from the osmotic pressure measurements. 
(iii) SI unit of molar conductivity is Osmotic pressure is represented by л. Also, 
(a) Sm?mol"! (b) S'm?mor! nV =nRT. 
(c) Sm?mol~? (9) S’m?mol 


(iv) Th ifi Ыйы ro N kel When there are two solutions and if one of the 
iv e specific conductance of 0. à f . je 
solution at 23°C is 0.012 оћт іст". The +01100151501 EHE. 
resistance of cell containing the solution = Ypo pex ee er eee . 
at the same temperature was found to be hypertonic with respect to other the osmotic 


55 ohm. The cell constant will be pressure can be experimentally measured by 
(а) 0.66cm ! (b)112cm^  - using, Berkeley Heartley method. 


()0.918em" .. (d) 1.66cm" | Іп these questions (i-iv) a statement of | 
| | А, Assertion followed Бу a statement of Reason is 


Or given. Choose the correct answer out of the 
The conductivity of 0.01 N solution is found following choices : 
to be 0.005 ohm ст !. The equivalent (a) Assertion and Reason both are correct 
conductivity of the solution will be statements and Reason is correct explanation 
| -2 -1 xy t4 for Assertion. 
(a) 5x10 ^ оһт стед T nn 
(b) 5.00x 107? ohm "cm? | (b) Assertion and Reason both are correct 
A en statements but Reason is not correct 
(c) 5000hm " стед 


explanation for Assertion. 


(c) Assertion is correct statement but Reason is 


(d) 0.50hm "cm?equi"! 
3 incorrect statement. 


Answer m (d) Assertion is incorrect statement but Reason is 
()(a)' (0) (d) (iii) (a) (iv) (a) or (c) correct statement. 
(i) Assertion Osmosis is one sided movement 

2. Read the passage given below and answer solvent molecules. 
the following questions : (1x44) Reason In osmosis the net movement of 

\ | lvent particles from lower concentration 

f 50 ра i 

The Броза шеси flow ofsolvent poe s towards higher concentration takes place 
solvent side to solution side or from a region of 


through semipermeable membrane. 

(ii) Assertion For isotonic solution, C =C,. 
Reason For isotonic solution, n, =x M 

(iii) Assertion Osmotic pressure of 
non-aqueous solutions can be determined 
by Berkeley Heartley method. 
Reason The semipermeable membrane 
used in Berkeley Hartley method is 


lower concentration to a region of higher 
concentration through a semipermeable 
membrane is called osmosis. It is different from 
that of diffussion, where the movement is in 
reverse direction. The minimum pressure that 
has to be exerted/applied on the solution to 
prevent the entry of solvent into solution 


through semipermeable membrane is called Cu, [Fe(CN),]. 

osmotic pressure. (iv) Assertion If red blood cells are removed 
This concept is used in desalination of sea from the body and placed in pure water 
water. The growth of plants depends mainly on pressure inside the cell increases, 

the phenomenon of osmosis. Two solutions Reason The concentration of salt content 
having same osmotic pressure are called in the cell increases. 


isotonic. 
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Or Assertion Out of various colligative 
properties, osmotic pressure is used for 
determination of molecular masses of 
polymers. 


Reason Polymers solutions do not posses 
a constant boiling point or freezing point. 


Answers 


(i) (d) (i) (d) (ii) (9) 


(iv) (c) or (c) 
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(a) Hofmann method 
(b) Lucas method 
(c) Victor Meyer method 
(d) Kolbe method 
Or 
Basicity order of amines in aqueous solution, 
(a) 3° > 1° > 2° >NH3 (b) 3°>2° > 1° » NH; 
(c) 2° > 1° > 3° > NH; (d) 2 < 1° <3° «NH; 


9. Which one of the following gases has the 
Multiple Choice Questions lowest value of Henry's law constant? 
Following questions (No. 3-11) are multiple (a) N2 не (СО; (JO, 
choice questions carrying 1 mark each, .„ 10. Replacement of Cl from chlorobenzene to 
З. According to IUPAC nomenclature, give phenol requires drastic conditions but 
sodium nitroprusside is named as chlorine of 2, 4-dinitrochlorobenzene is 
(a) sodium pentacyanonitrosyl ferrate (II) readily replaced because | h 
(b) sodium pentacyanonitrosyl ferrate (III) (a) NO, makes ring ejectron rich at ortho and 
(c) sodium nitroferricyanide para position 
(d) sodium nitroferrocyanide (b) NO, withdraws electrons from meta 
See position 
^- The cell constant of à conductivity cell (c) NO, donates electron to meta position 
(a) changes with change of electrolyte (d) NO, withdraws electrons from ortho and 
(b) changes with change of concentration of para positions 
electrolyte Or 
(c) changes with temperature of electrolyte 
(d) remains constant for a cell Chlorobenzene is 
5. - . 2 (a) less reactive than benzyl chloride 
What is the magnetic moment of K, [FeF;] ? (b) more reactive than ethyl bromide 
(a) 3.87 BM (b) 4.89 BM (c) nearly same reactive as that of methyl 
(c) 5.91 BM (d) 6.92 BM chloride 
Or (9) more reactive than isopropyl chloride 
The complex ion which has no d-electrons 11. Wet ether is not used as a solvent in Wurtz 
in the central atom 1s Е reaction, because the water present in it 
(a) [MnO,] (b) [Co(NH;)s] (a) hydrolysis RX to ROH 
(c) [Fe(CN); ]*- (d) [Cr(H5O), ** (b) reduces RX to RH 
6. When a solution of formaldehyde and (c) destroy the Na-nietal 
KOH is heated, it will give (d) reacts with R—R 
(a) acetylene and methane Or 
(b) sit rn es н formate In the following reaction, identify X. 
(c) methanol and methane Methyl magnesium bromide +X —> 
(d) methanol and acetylene 
2-methyl 
7. Which amino acid has phenolic —OH (a) propanol (b) ethanone 
group as it backbone? (c) propanone (d) butane 
Glycine b) Leucine 
Ec (b) Answers 


(c) Serine (d) Tyrosine 


3.(b) 4. (d) 5.(c)or(a) 6. (b) 7. (d) 


8. The method used t i 
e method used to separate primary, 8. (а) ог (a) 9. (©) 10. (ааг (8). Ач. (cor (0 


secondary and tertiary amines is 


SAMPLE QUESTION PAPER 3 4.65 


assertion-Reason 


[п the following questions (Q.No, 12-16) a statement 
of Assertion followed by q Statement of Reason is 
iven. Choose the correct answer ouf of th 


14, Assertion 2-chloro-3-methylbutane on 
treatment with alcoholic potash gives 
2-methyl but-2-ene as major product. 


e followin | | 
BOTE d : Reason Above reaction occurs according 
(a) саш m both are correct to Saytzeff rule. 
statements and Reason j . 
for Assertion. 1 15 correct explanation 15, Assertion Alcohol and phenol can be 


(b) Assertion and Reason both 
statements but Reason is n 
explanation for Assertion, 


(c) Assertion is correct statement but Reason is 16. Assertion The reaction, 
incorrect statement, 


are correct. distinguished by sodium hydroxide. 


ot correct Reason Alcohol is more acidic than phenol. 


(d) Assertion is incorrect stat. Reasonis Het BS Pee 
Tect sta t j : | 
correct statement, кла has molecularity of two. 
12. Assertion Glucose and fructose are Reasdit Order of the given reaction is 2. 
reducing sugars. Or Assertion In the reaction, 
Reason Glucose and fructose contain a № +3Н, = 2NH, the rate of reaction is 
free aldehydic and ketonic group adjacent different in terms of N,,H, and NH}. 
to à >CHOH group respectively. Reason Rate of reaction is equal to the rate 
. E | of disappearance of formation divided by 
13. Assertion Addition of HCN to carbonyl the stoichiometric coefficient. 
compounds gives cyanohydrins. — 
Reason Pure HCN reacts with aldehydes 
and ketones. Th 12.(a) 13. (c) 14.(a) 15.(c) 16. (c) or (d) 


SECTION B : Short Answer Type I Questions 


11, Arrange the following compounds in the 


increasing order of dipole moment. Give Or 
Teason. A coordination compound CoCl, -4H,O 
CH 3CH,CH3,CH3;CH,NH,, CH;CH,OH precipitates silver chloride, when 

18. Give one test to distinguish between treated with silver nitrate. This compound 


dissociates into two ions in solution. 
Write the structural formula of the 
compound and name it. 


21. Give reason for the following : 
(i) Physisorption decreases with increase of 


glucose and fructose with relevant 
equation. 


19, Calculate the emf for the given cell at 25°C 
Cr |Cr** (0.1M)||Fe” (0.01 M)|Fe 


[Given, E? .. ЛТ 074 V temperature. 
Е. 2-044 V] (ii) Ester hydrolysis slow in the beginning 
Fé /Fe _ and becomes fast after sometime. 
[Ans. Ёш =0.261 V] 
22. Write the equations involved in the 
20, What will be the correct order for the Williamson's ether synthesis of tertiary 
wavelength of absorption In the visible butyl methyl ether. | 
region for the following? Or 
INi(NO, ^" АМН) о)" [Ni(H; O);]" Why is the reactivity of all the three 


classes of alcohols with conc. HC] and 
ZnCl, (Lucas reagent) different? 
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23. 


Or 


24. 


26. 


What happens, when NH, OH solution is 
added dropwise to copper sulphate 
solution till excess? 

KMnO 4 is à strong oxidising agent in 
acidic medium. To provide acidic medium 
H,SO, is used instead of HCl. Why? 


(i) The value of ^? for НСІ, KCl and 
CH3COOK are 425.1,121.3 and - 


25. Name the two compo 
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-tem?mol"! respectively. Calculate 


c acid (СНзСООН). 
. [Ans. A? 2397.85 cm? mol"! ] 


94.00 
л for aceti 


mbs of charge are 
duction of 1 mole of 
[Ans. 193000 C] 


(4) How many coulo 
required for the re 
Cu?* to Cu? 

nent of starch. How 


do they differ from each other structurally? 


SECTION C : Short Answer Type ll Questions 


Give the structure of various;ámines with 
molecular formula C,H,N. State whether 
they are primary, secondary or tertiary 
amines? 


27. (i) Write the systematic names of the 


following : 
(a) [Co(NH3),] Cl, 
(b) [Pt(NH, ), Cl (NH,CH;)] Cl 
(ii) Write the formula of the following 
compounds: : 
(a) Sodium hexanitrito-N-cobaltate (III) 
(b) Tetraaquadichlorochromium (III) 
chloride 
(iii) Calculate the oxidation state of Cu in 
[Cu(NH,),] SO,. 


Or Explain, why [Co(NH, ); * is an inner 


28. 


29. 


orbital complex whereas [Ni(NH, ), | * is 


an outer orbital complex. 


(i) What is glycogen ? How is it different 
from starch? 

(ii) Which one of following is a disaccharide? 
Starch, Maltose, Fructose, Glucose : 

(i) Explain what happens when ethanol is 


heated with acetic acid in’ a presence of 
conc. PISO! 4? 


) Give опе example of Clemmensen's 


reduction reaction. 
Or 


(i) Write the structure of A and B in the 
following reaction. . 


(ii 


(ii) Convert the following : 


(a) Nitrobenzene to benzoic acid 
(b) Aniline to benzyl alcohol 


. (i). Complete the following reactions: 


NH; 
( a) NaNO, * HCl 
^ 
Cl 
D 
(b) + Na = 
ether 


(ii) How is chlorobenzene halogenate in 
presence of halogen carrier? 
Write related equation. 
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SECTION D : Long Answer Type Questions 


31. (i) How is the variability in oxidation states Or 
of transition metals different from that of (i) Mention the factors that affect ше rate of 
the non-transition metals? Illustrate with a chemical reaction. 
examples. (ii) A reaction is of second order with respect 
(ii) Give reason for the following : | to a reactant. How is the rate of reaction 
(a) It is difficult to separate Zr and Hf. affected, if the concentration of the 
(b) Fe?* is more stable than Fe?*. reactant is 
Or (i) To what extent do the electronic (a) doubled? 
configuration decide the stability of (b) reduced to half? 
oxidation states in the first series of the (iii) What is the effect of temperature on the 
transition elements? Illustrate your . Tate constant of a reaction? 
answer with examples. 33. (i) How will you convert the following : 
(ii) Explain the following trends in the (a) Acetophenone to benzoic acid. 
properties of the members of 3d-series. (b) Ethyl cyanide to ethanoic acid. 
(a) Cu* ion is not stable in aqueous (c) Benzoic acid to benzaldehyde. 
solution. (ii) Write the structures of A and B are the 
(b) Mn exhibit maximum number of following. 
oxidation states. (a) СН, —C — —CH, CENE 
32. For the reaction, м | ЭЕ 
2NO(g) С1,(9) — 2NOCI(g).: » 
The following data werecollectedat270K.  ' ME 
Ether 
Initial rate of NaOH (aq) C 
Ex. No, at NOI ANT. а ce (b) CHCH, Br“ A. KC g 
of Ch (mol/min) Or 
1 015 045 0.60 A ketone A (CH,H,O) which undergoes а 
_ 2 015 0.30 120 — haloform reaction gives compound B on 
3 0.30 0.15 2.40 reduction, heating with sulphuric acid 
РЕЧ 025 0.25 mapy gives a compound C which forms 
n Меша кы ral 6f pw mono-ozonide D. D on hydrolysis with zinc 
(ii) Calculate rate constant and write its unit. dust gives only E. 
[Ans. К 217777 mol? 12 min“) Identify A, B, C, D and E write the 
(iii) Find initial rate of disappearance of Cl, reactions involved. 


in experiment number (4). 


ow does compound A qi i 
[Ans.r = 2,78 mol/min] How does comp gives iodoform 


reaction? 


SAMPLE QUESTION PAPER 4 


A HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XII 


CHEMISTRY [Unsolved] 


Instructions 
1. There are 33 questions in this question paper. All questions are compulsory. 
2. Section A: Q. No. 1 to 16 are Objective Type Questions. ©. No. 1 and 2 are Case Based Questions carrying 
4 marks each while Q. No. 3 to 16 carryil mark each. 
3. Section B : Q. No. 17 to 25 are Short answer type I questions and carry 2 marks each. 
4. Section C : Q. No. 26 to 30 are Short answer type II questions and carry 3 marks each. 
5. Section D : Q. No. 31 to 33 are Long answer questions carrying 5 marks each. 
6. There is no overall choice. However, an internal choices have been provided. 
7. Use of calculators and log tables is not permitted. 


SECTION A : Objective Questions 


Addition of HCN to carbonyl group In this 
` reaction cyanide ion (CN )acts asa 

| 1. Read the passage given below and answer nucleophile, which attacks the carbon of 
the following questions : (Ixaz) Carbonyl group, the carbon-oxygen double 
Nucleophilic addition reactions are bond breaks followed by capture of proton 


encountered in compounds containing polar and a cyanohydrins is formed . 
functional groups (С=О, C=N, C=S). In the \ 
first step, шша with its pair of м Mà NoN of Wwe 
electrons attacks the carbon atom of a double 
or triple bond, forming a carbanion. It is 
followed by a second step in which this 
carbanion reacts with a positive species. 


Case Based Questions 


Addition of alcohol to carbonyl compounds 
Aldehydes are ketone react with one mole of 
alcohol to form hemiacetal or hemiketal, 
respectively. Reaction with second mole of 


Y 
ГА N Z j . 
Step I Ns LE ly EPA alcohol gives acetal or ketal | 
/ “М б У In this reaction the alcohol with lone pair of 
Step II NK ~ e sunt electrons of oxygen atom acts a sa 
e —с—с° e Dno К 
р ROK + ld Ede x xd nucleophile. 
RO OR 
When the olefin contains a good leaving кү =r, ОХ жш 
group (as defined for nuclepohilic eT EI by y 
substitution), substitution is a side reaction, NES Ж a Metal 
(i.e. a nucleophilic substitution at a vinylic | | | | 
substrate). The following questions (i-iv) are multiple choice 
= — а: questions. Choose the most appropriate answer : 
Addinon OPEICN to саолу TIP. Р. (i) Identify the example іп which both 
addition of alcohol to carbonyl group 1s a nucleophilic addition and nucleophilic 


nucleophilic addition reaction. 
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addition elimination reaction occur, 
respectively in the carbonyl compound, 
(a) Reduction to alcohols 

(b) Addition of sodium sulphide 

(c) Tollen's test 


(d) Reaction with alcohols 


(ii) Arrange the following carbonyl 
| compounds in increasing order of their 

reactivity in nucleophilic addition 
reaction. 
(a) Butanone< Propanone < propanal «ethanal 
(b) Butanone « Propanal « propanone <ethanal 
(c) Butanone «ethanal« propanone « propanal 
(d) Butanone «ethanal « Propanal «propanone 

(iii) Consider the following reaction, 
ч $О,Н 


7C — 0 * NaHsO, ya н 


Proton transfer N C / 
—— OH 
Bisulphite addition 

compound (crystalline) 


In the given reaction, equilibrium lies 
largely to the right hand side for most 
aldehydes and the left for most ketones due 
to 


(a) electronic reasons (b) steric reasons 
(c) bonding reasons (d) Both (a) and (b) 


(iv) Which of the following alternative is correct 
for the treatment of ketones with ethylene 
glycol in the presence of dry НС)? 


(a) The product obtained is ethylene glycol 
hemi-ketal 


(b) In this reaction, electrophilicity of carbonyl 
carbon decreases 


(с) НСІ protonates the oxygen of the carbonyl 
group | 


(4) The product thus obtained is cyanohydrin 
Or 
Consider the following reaction, 


Se% 


Sc=0+HN—z == 
á ? ^ NNEZ 


— YC=N—Z+H,0 
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Which of the following statement(s) is/are 

true about the above reaction? 

(a) HjN —Z tends to add to the carbon of 
carbonyl group of aldehydes and ketones 

(b) The reaction is reversible and catalysed by 
acid 

(c) The equilibrium favours the product 


formation due to rapid dehydration of the 
intermediate 


(d) All of the above 


Answers 


()(d) (0) (а). (ii) (b) — (iv) (c) or (d) 


2. Read the passage given below and answer 
the following-questions : (1x4=4) 
Addition of a non-volatile solute to a solvent 
lowers its vapour pressure. Therefore, the 
vapour pressure of a solution (i.e. vapour 
pressure of solvent in a solution) is lower than 
that of pure solvent, at the same temperature. 
A higher temperature is needed to raise the 
Vapour pressure upto one atmosphere 
pressure, when boiling point is attiained. 
However, increase in boiling point is small. For 
example, 0.1 molal aqueous sucrose solution 
boils at 100.05°C. 

Sea water, an aqueous solution, which is rich in 
Ма? апа СЇ” ions, freezes about 1°C lower than 
frozed water. At the freezing point of a pure 
solvent, the rates at which two molecules stick 
together to form the solid and leave it to return to 
liquid state are equal when solute is present. 
Few solvent molecules are in contact with 
surface of solid. However, the rate at which the 
solvent molecules leave the surface of solid 
remains unchanged. That is Why, temperature is 
lowered to restore the equilibrium. The freezing 
point depression in a dilute solution is 
proportional to molality of the solute. 


In these questions (Q.No. i-iv) a statement of 
Assertion followed by a statement oí Reason is 
given. Choose the correct answer out of the 
following choices : 

(a) Assertion and Reason both are correct 
Statements and Reason is correct explanation 
for Assertion. 

(b) Assertion and Reason both are correct 
statements but Reason is not correct 
explanation for Assertion, 
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(c) Assertion is correct statement but Reason is for pseudo first order 


incorrect statement, 
(d) Assertion is incorrect statement but Reason is 
correct statement. ` 


4. The rate constant 'k' 
reaction is 
2,303 
2.303 И nae 
(a) ea a log Co C (b) mM 8c. 


(i) Assertion The molecular weight of acetic 2.303 |, Со 
2.303 log — 
acid determined by depression in freezing (с) —7 logCs «C = ue 
point method in benzene and water was А f trimethylamine is given 
found to be different. * e ' ^ 
Reason Water is polar and benzene is i | 
non-polar. 


(ii) Assertion When non-volatile solute is | 
added to solvent, the vapour pressure of —CH, 
the solution decreases. | S 
Reason As number of solvent molécules 
escaping from the surface is reduced, the 
vapour pressure of the solution is also 
reduced. 


(iii) Assertion Freezing point of solvent is 
more than that of solution. | 
Reason When non-volatile solid is added 
to the solvent, its vapour pressure 
increases and become equal to solid 
solvent at the lower temperature. . 

(iv) Assertion The vapour pressure of a liquid 
decreases if some non-volatile solute is 
dissolved in it. B." 
Reason The relative lowering of vapour . 
pressure of a solution containing a In the given reaction, 
non-volatile solute is equal to the mole NH, +RX —> RNH; RX УРУН 
fraction of the solute in the solution. | (19) (2°) 


pr m) | IRE y, RNE Y RNS 
Assertion The water pouch of instant cold (3°) 


pack for treating athletic injuries breaks, 
when squeezed and NH, NO; dissolved 


Select the correct option regarding above 

figure. / 

(a) Three sp? -hybridised orbitals of nitrogen 
overlap with orbitals of hydrogen or carbon 
depending upon the composition of the 
amines 

(b) The fourth orbital of nitrogen in amines 
contain an unshared pair of electrons 

(c) Both (a) and (b) 

(d) None of the above 


Or 


Select an appropriate statement(s) about 
the reaction. 


lowering the temperature. 

Reason Addition of non-volatile solute 
into solvent results into depression of 
freezing point of the solvent. 


(a) In this reaction, NH; act as a nucleophile 

(b) In this reaction, RX is the nucleophile 

(с) R,N9X* is called quaternary ammonium 
salt 


(d) Both (a) and (c) 


6. Calculate the molarity of solution of CaCl, if 
on chemical analysis it is found that 200 mL 
of CaCl, contains 3,01 x10? C17 ions 


Answers 
(i) (a) (ii) (а) (iii) (с) (iv) (b) or (a) 


Multiple Choice Questions 


Following questions (No. 3-11) are mulliple (a) 40M 
choice questions carrying 1 mark each : (b) 3.01 M 
3. Which of the following aqueous solutions (с) 0.125 M 
(d) 0.250 M 


should have the highest boiling point ? 


(а) 1.0 М NaOH (Ы) 1.0 ММа,50, 
(с) 1.0 M NH, NO, (d) 1,0 М KNO; 
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7. Consider the data given below for à 


Choose the correct option, 
hypothetical reactions, M N (a) Папа Ш (b) Land IV 
V 
Time(s) Rate of reaction (mol L~! 5-1) Sr Tana ш С 
0 one 10. Which of the following functional groups 
420% 10 | is present іп paper, cotton and sugar? 
10 4.20 х 104 (a) —NH, group 
20 40x 1074 (b) — OH group 
30 4.20x 107 (c) RX group 
40 4.18% 10-5 (d) None of the above 
For the above data, the order Of reaction is п. Identify А and B, C in the given sequence 
(горе (b) two of reactions, 
(c) three (d) zero H,C==CH, +Br, MUN BrCH;CH,Br 
Or i г: (B) (С) 
: бей (А) (В) (С) 
In a first order Teaction, reactant - (а) ССІ, Colourless Reddish brown 
concentration 'C' varies with time't'as ` 


(b) CCl, Reddishbrown Colourless 


(a) C decreases with 1 (c) CBr, Colourless Reddish brown 
t 


(d) CBr, Reddish brown Colourless 
(b) log C decreases with Or 
1. iL Consider the following flow chart ? 

(c) C Increases linearly with t 

(d) log C decrease linearly with t HCI + Anhyd ZnCh 

—*., снусн,с! — (8) 
8. Standard reduction electrode potentials of © ну crionde НРО, ® 

three metals A, B and C are +0.5 V -30 V e 

and-1.2V respectively. The reducing | : 

ower of thes tals , 
a B> : SA ү уйне, | Here, A,B, C and D respectively are : 
(b) A» B»C (a) CH,CH,OH, CH;CH,OH,CH,CH,, 
(c)C>B>A CH, =CH, 

(d) A>C>B TH 

9. For d‘ ions, the fourth electron enters one (b) CH;CH—OH, CH,CH, 
of the e, orbitals giving the configuration CH,— CH, .CH,CH, 
ео, when (c) CH; —CH,,CH, = CH,, 
CH, 
(а) A, >Р (b) A, <P | 
Or 7 cH 

Atomic number of Mn, Fe and Co are 25, (d) CH,CH,OH, CH,CH,, CH,—CH— OH 
26 and 27 respectively, Which of the CH, CH 
following inner orbital octahedral complex 2 ? 
ions are diamagnetic? Answers 

I. [Co(NH,), "* II. [Mi(CN), ]- 3.(b) 4.(d) 5.(c)or(d) 6. (c) 7. (d) or (d) 
Ш. [Ре(см) ]* ^ — mW [Fe(CN),]- 


8. (a) 9.(b)or(c) 10. (b) 11. (b) or (a) 


472 | Allénone | CHEMISTRY Class 12th 


Or Assertion Cr and Cu are extra stable 


Assertion-Reason | ; 

In the following questions (Q.No. 12-16) a statement elements in the 3d-series. 

of Assertion followed by a statement of Reason is Reason Half and completely filled set of 
given. Choose the correct answer ouf of the following orbitals are relatively more stable. 
choices. 

(a) Assertion and Reason both are correct 14. Assertion Boiling points of chlorides, 
statements and Reason is correct explanation bromides and iodides are considered to be 
for Assertion. higher than their corresponding 

(b) Assertion and Reason both are correct hydrocarbons. 
place tien Dul Reasons not gome. Reason Due to greater polarity and higher 
ав oes een: R А molecular mass, the intermolecular forces 

(c) Assertion is correct statement but Reason is of attraction are weaker in halo gen 
езер ны Ip : derivative as compared to hydrocarbon 

(d) Assertion is incorrect statement but Reason is P Y i 
correct statement. э 15. Assertion Aniline does not undergo 

12. Assertion Conductivity always increases alkylation and acetylation. 
ty 
with decrease in concentration for strong Reason Nitrogen of aniline acquires 
and weak electrolytes. positive charge in the presence of AlCl}. 
Reason Number of ions per unit volume 16. Assertion p-nitrophenol is more acidic 
decreases on dilution. than phenol. 
13. Assertion Cr” is reducing, while Mn** is Reason Nitro group helps in the stabilisation 
oxidising even though both have of the phenoxide ion by dispersal of negative 
а“ configuration. charge due to resonance. 
Reason Configuration of Cr changes from Answers 1 
ope? —— 12.(d) 13. (с) or (a) 14.(c) 15. (а) 16. (a) 
SECTION В: Short Answer Type I Questions 
17. Give one chemical test to distinguish 20. Equal weights of two substances X and Y 
between the following. are dissolved in equal volumes of water. 
(i) Ethyl alcohol and sec-propyl alcohol. The osmotic pressure of the solution 
(ii) Ethanol and 2-propanol containing Y is five times the osmotic 
18 | pressure of the solution containing X. 
* How do you convert the following : What is the molecular weight of X if that of 
(i) Prop-1-ene to 1-fluoropropane Y is 60? [Ans. X =300 g mol™*] 
(ii) Chlorobenzene to 2-chlorotoluene 21. (i) How will you distinguish between 
19. The rate of a first order reaction is Е расов and ое 
0.04 то11 157” at 10 min and 0.03 mol (ii) Write relevant equation to convert 
17157! at 20 min after initiation. Find the fructose to osazone. 
half-life of reaction. [Ans. 24.06 min] Or 
Or The half-life for radioactive decay of C is (i) How will you convert glucose to 
‘5730 years. An archaeological artifact osazone? | 
contained wood that had only 80% of the (ii) Which one of the following is a 
14 С found in living tree. Estimate the age disaccharide? 
of the sample. [Ans. 1845 years] 22. Discuss the nature of bonding in the 


coordination entity, [Co(C4O,),]? on the 
basis of valence bond theory. Also, 
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' comment on the hybridisation ai, 2 


magnetic behaviour of the given enc'ty, xu ben О 
r 
23. How can the following conversion be Py ean i 
brought about? А TR the biological importance 'of 
(i) 2-propanol to acetoxime. | 
fil) EthafióLtó acetone: 25. How would а achieve the following 
conversions 
24. Deficiency of what vitamins cause (a) Nitrobenzene to aniline 
| { 
ы, diseases (b) Benzyl chloride to 2-phenyl 
(i) Xerophthalmia ҮТ ethanamine 
SECTION С: Short Answer Type Il Questions 
26. (i) Write the structure of | 29. For a chemical reaction R —› p, 
П 2-(2-bromopheny) butane. the variation in the concentration of 
(ii) Haloalkanes react with KCN to form [А] » 
alkyl cyanides as the main product, log m vs time 'f' plot is given here. 
while with AgCN isocyanides are 
formed as the main product. · 
Explain. | log Flo 
' Ог | ~ 
Identify the product formed when n-butyl | 
bromide is treated with KCN in the | is 


presence of EtOH-H,O. Write the For this reaction, 
mechanism involved in the above (i) What is the order of the reaction? 
reaction. 


(ii) What is the unit of rate constant? 
(iii) What is the slope of the curve? 


Or The chemical reaction, 20; — 30, 
proceeds as follows: 


27. 0.05 M NaOH solution offered a resistance ` 


of 31.6 Q in a conductivity cell at 298 K. If 
the cell constant of the cell is 0.367 cm! 


calculate the molar conductivity of the O; == 0, +0 (Fast) 
NaOH solution. | 


O+0; — 20, (Slow) 


28. Answer the following: What should be the rate law expression? 


(i) Why is CO a stronger ligand than Cl ? 


30. Account for the following : 
' (ii) What is meant by crystal field splitting 


Г | (i) What is the biological effect of 
ат Е 4 zu ges aem á denaturation on proteins? 
e tm : ii f bonding helps in 
i i -orbitals in an (ii) What type o g 
P ues ош stabilising the a-helix structure of 
СЫЙ? ae proteins? 
entity? 


SECTION D: Long Answer Type Questions 


| 1.65x107* Q^! cm, 
j i h L J L 
3 9 icles pes duc E ° The molar conductance fie yc 
electrode poten | ‘ tal + d CH. "dg 
(b) The ert conductance of a 0.01 M ы E 2 25, ме» | че 
solution of acetic acid at 298 K is аге 343. 
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40.9 Q^ ! cm? mol”! respectively. 
Calculate 
(i) Molar conductance of the solution. 
(ii) Degree of dissociation of СНзСООН. 
(iii) Dissociation constant for acetic acid. 
Or 


(a) Calculate : Ej, at 25°C for the 
reaction, 
Zn + Cu? (0.20 M) —> 
Zn?* (0.50 M) Cu 


Given, Е 2 /Zn) = 0.76 V; " 
E cu2* cu) =0.34 V. vr 


(b) A 0.05 M NH,OH solution offers the 
resistance of 50 Q to a conductivity cell 


at 298 K. If the cell constant is 
0.50cm~ and molar conductance of 
NH,OHat infinite dilution is 471.4 p 
cm? mol !. Calculate 
(i) Specific conductance 

(ii) Molar conductance 

(iii) Degree of dissociation 


attack on the carbonyl group of an 
aldehyde or a ketone. 

(ii) An organic compound A (molecular 
formula = CgH,,O2) was hydrolysed 
with dilute sulphuric acid to give a 
carboxylic acid B and an alcohol C. 
Oxidation of C with chromic acid also 
produced B. ‘B' on treatment with 
chlorine in the presence of small 
amount of red phosphorus and H,O 
gave 'D' and in presence of PCl,, it 
gives 'Е'. On dehydration, C gave 
but-1-ene. Identify A, B and C, D 
and 'E'. 


- 
pe 
02215 
Zit 


Or 
(i) How will you convert 
(a) formaldehyde to methanol? 


(b) benzaldehyde to 
m-nitrobenzaldehyde ? 


|| 
(а) CH,CH = CHCHO + NH,C NHNH, 


32. . + . +1: 
(i) Explain the mechanism ofnucleophilic opr (i) An aqueous b 
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(ii) Write the structures of A, B and C in the : 
following : 


i H+ A 
am 7 
(b) CY + CH NH; —~ В 
H2NNH2 
(с) CH;COCH, 
KOH/glycol, A 


33. (i) What happens, when 


(a) iodide ion reacts with persulphate ion. 
(b) iron (III) reacts with iodide ion. 


(ii) Explain the following trends in the 


properties of the members of the 

transition elements. 

(a) Mn?* is more stable than Fe?* 
towards oxidation to +3 state. 

(b) Silver atom has За! -configuration, 
yetitisa transition element. 

(c) The E? value for the Mn?*/Mn?* 
couple is much more positive than 
that for Cr?*/Cr?^* couple. 

lue coloured solution of 
transition metal sulphate reacts with 
Н,5 in acidic medium to give a black 
precipitate ‘A’, which is insoluble in 
warm aqueous solution of KOH. 

The blue solution on treatment with KI 

in weakly acidic medium turns yellow 

and produces a white precipitate 'B'. 

Identify the transition metal ion. Write 

the chemical reactions involved in the 

formation of ‘A’ and 'B'. 

(ii) Describe the cause of the following 
variations : 

(a) Although, Zr belongs to 4d and Hf 
belongs to 5d-transition series but it 
is quite difficult to separate them. 

(b) Europium(II) is more stable than 
cerium(II). 

(c) Cu(I) ion is not stable in an aqueous 
solution. 
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A HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XII 


CHEMISTRY [Unsolved] 


instructions 
1. There аге 33 questions in this question paper. All questions are compulsory. 


9. Section А: Q. No. 1 to 16 are Objective Type Questions. Q. No. 1 and 2 are Case Based Questions carrying 
| 4 marks each while Ө. No. 3 to 16 carry 1 mark each. 


Section B : Q. No. 17 to 25 are Short answer type I questions and carry 2 marks each. 
Section C : Q. No. 26 to 30 are Short answer type II questions and carry 3 marks each. 
Section D : ©. No. 31 to 33 are Long answer questions carrying 5 marks each. 

There is no overall choice. However, an internal choices have been provided. 

, Use of calculators and log tables is not permitted. 


SECTION A : Objective Questions 


! 

Gio Based Questions It was while conducting experiments on р 

‚ electricity in 1749 that Benjamin Franklin first ! 
1. Read the passage given coined the term "battery" to describe linked uic 
capacitors. However his battery was not the UT TT 
Batteries consist of one or more first battery, just the first ever referred to as 
electrochemical cells that store chemical such. Rather it is believed that the Baghdad 
energy for later conversion to electrical energy. batteries, discovered in 1936 and over 2,000 
Batteries are used іп many day-to-day devices years old, were some of the first ever batteries, 


such as cellular phones, laptop computer, though their exact purpose is still debated. 
clocks, and cars. Batteries are compared of at 


least one electrochemical cell which is used for 
the storage and generation of electricity. 


= SP RSL iF =t 


A’ O 


below and answer the following questions: (14-4) 


Luigi Galvani (for whom the galvanic cell is 
named) first described "animal electricity" in 
1780 when he created an electrical current 
Though a variety of electrochemical cells exist, through a frog. Though he was not aware of it 


batteries generally consists of at least one at the time, this was a form of a battery. His 
Voltaic cell. Voltaic cells are also sometimes contemporary Alessandro Volta (for whom the 
referred to as galvanic cells, Chemical voltaic cell and voltaic pile are named) was 
reactions and the generation of electrical convinced that the “animal electricity" was 


energy ls Spontaneous within a voltaic cell, as not coming from the frog, but something else 
°pposed to the reactions electrolytic cells and entirely. In 1800, he produced the first real 
fuel cells. battery, the voltaic pile. 
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In 1836, John Frederic Daniell created the 
Daniell cell when researching ways to 
overcome some of the problems associated 
with Volta's voltaic pile. This discovery was 
followed by developments of the Grove cell by 
William Robert Grove in 1844, the first 
rechargable battery made of a lead-acid cell 
in 1859 by Gaston Plante; the gravity cell by 
Callaud in the 1860s; and the Leclanche cell 
by Georges Leclanche in 1866. 


Until this point, all batteries were wet cells. 
Then in 1887 Carl Gassner created the, fist. 
dry cell battery, made of a zinc- carbon cell. 
The nickel-cadmium battery was introduced 
in 1899 by Waldmar Jungner along with the 
nickel-iron battery. However, Jungner failed 
to patent the nickel-iron battery and in 1903, . 
Thomas Edison patented a slightly modified 
design for himself. 


A major breakthrough came in 1955 when 
Lewis urry, an employee of what is now 
known as Energizer introduced the common 
alkaline battery. The 1970s led to the 
nickel-hydrogen battery and the 1980s to the 
nickel metal-hydride battery. 


Lithium batteries were first created as early as 
1912, however the most successful type, the 
lithium ion polymer battery used in most 
portable electronics today was not released 
until 1996. 
(i) While charging the lead storage battery? 
(а) РЬЅО, anode is reduced to Pb 
(b) PbSO, cathode is reduced to Pb 
(c) PbSO, cathode is oxidised to Pb 
(d) PbSO, anode is oxidised to PbO, 
(ii) Which of the following statements is true 
for fuel cells? 
(a) They are more efficient 
(b) They are free from pollution 
(c) They run till reactants are active 
(d) All of the above 
(iii) Which of the following reactions is used 
to make a fuel cell? 
(a) 2H, (g) 4 O; (g) —2H;O(1) 
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(b) 2Fe{s) +O; (g) - 4H' (aq) —— 2Fe^' (aq) 
' 42H50(I) 
(c) 2Pb(s)+PbO, (s) -2H,SO, (aq) — 
2PbSO, (s) - Н,О(1) 

(d) Cd(s)+2Ni(OH),(s) —9 CdOs) 

+2Ni(OH), +2H,O(/) 

) Ог 

In а hydrogen-oxygen fuel cell, 
combustion of hydrogen occurs to 


(a) generate heat 
(b) create potential difference between the 


two electrodes 
(c) produce high purity water 
(d) remove adsorbed oxygen from electrode 
surfaces 

(iv) On the basis of electrochemical theory of 
aqueous corrosion, the reaction occurring 


at the cathode is 

(а) О, (9) +4Н? (aq) -4e" —>2H,O(]) 
(b) Н, (9) +20Н (aq) —>2H,O (1) +2е 
(c) Fe(s) —> Fe?*(aq)+2e7 

(d) Fe?* (ag) —> Fe?* (aq) - e^ 


Answers 


(i) (a) (i) (d) 


2. Read the passage given below and answer 
the following questions : (1x44) 
One of the most important classes of 
biomolecules is carbohydrates. These include 
sugars, starch, glycogen, cellulose, etc. These 
are formed by plants under a process called 
photosynthesis and make up about 70% of 
plant material. Carbohydrates provide us 
food, clothing and shelter in the form of 
starch, cotton and wood respectively. 

Earlier carbohydrates were called as hydrates 
of carbon C x(H20),. But this definition is not 
applicable in all cases. Carbohydrates are also 
called saccharides. These can be 
monosaccharides, oligosaccharides and ! 
polysaccharides. Carbohyderates can also be 
classified as sugar and non-sugar. All the 
monosaccharides and oligosaccharides are 
sugar. 


(iii) (a) or (b) (iv) (a) 
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The polysaccharides are non-sugar Allthose Answers 

carbohydrates which reduce Tollen's reagent or (i) (p (i м | 

Fehling solution are called reducing (i) (b) Gi) (d) Gii) (b) (iv) (b) or (a) 
carbohydrates, while others which do not 
reduce these reagents are called non-reducing 
carbohydrates. All monosaccharides are 


reducing. АП polysaccharides are 3. According to postulates of Werner's theory 
non-reducing. for coordination compounds, which of the 
following is true? 


Multiple Choice Questions 


Following questions (No. 3-11) are multiple 
choice questions carrying 1 mark each : 


All carbohydrates can be hydrolysed except (a) Primary valencies are ionisable 

monosaccharides. Monosaccharides (b) Secondary valencies are aie 

containing an aldehyde are called aldoses and (9) Only primary valencies аге non-ionisable 

those containing ketone are called ketoses. (d) Both primary and secondary valencies are 
| nonionisable. 


In these questions (i-iv) a statement of m О 
Assertion followed by a statement of Reason is у watch of the following ions has the 
highest magnetic moment? 


given. Choose the correct answer out of the (a) Ti** E: 
following choices : Ss » (b) Sc 
(c) Mn (d) Zn?* 


(a) Assertion and Reason both are correct: 
statements and Reason is correct explanation 5. The transformation 


for Assertion. 
(b) Assertion and Reason both are correct S == Q 
Br 


statements but Reason is not correct 
explanation for Assertion. 
(c) Assertion is correct statement but Reason is 


wrong statement. can be brought about using 


(d) Assertion is incorrect statement but Reason is (a) Zn/H" (b) Cul | 
correct statement. (c) Na (d) (CH; ); CuLi 
Or 


(i) Assertion Sucrose is à non-reducing 
sugal. | 
Reason It has glycosidic linkage. 
(ii) Assertion Glucose and fructose can be Br 
distinguished by Tollen's reagent. N Bt 
Reason Glucose contains an aldehyde (a) @ (b) 9f 
N 


group while fructose contains a keto 


Which of the following compounds will 
produce a precipitate with AqNO;? 


group. з ч 
f r 
(iii) Assertion Carbohydrates were earlier. 
called as hydrates of carbon. © (b) 
C 
Reason Carbohydrates can be hydrolysed. 
(iv) Assertion Starch is a non-suge® 6. Formic acid and acetic acid are 
Reason Starch is polysaccharides. distinguished by 
Or (a) NaHCO, 
| ; hydrate. (b) FeCl; 
Assertion Cellulose is a carbohy s (c) Victor meyer test 


Reason Cellulose has molecular form 
(C6 H1005 )л: i 


(d) Tollen's reagent 


LE 


A 
a 
=, 
о. 
СР) 
Z 
=) 
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T. What is the coordination number in à 
square close packed structure in two 
dimensions ? 

(a) 2 (b) 3 
(c) 4 (d) 6 

8. The incorrect IUPAC name is 

(a) CH; e hale —CH, (2-methyl-3-butanone) 


О CH . 
(b) CH, CH —CH—CH, (2, 3-dimethyl pentane 


CH, CHCH; ME 
(ОСН — C-CCH(CHj); (4 methy!-2-pentyne) 
(d)CH; pee (2-bromo-3-chlorobutane) 
Cl Br | 
Ог 
The IUPAC name оѓ the compound is 
Cl | 


Вг 


(а) 2-bromo-6-chlorocyclohex-1-ene 
(b) 6-bromo-2-chlorocyclohexane 
(c) 3-bromo-1-chlorocyclohexene 
(d) 1-bromo-3-chlorocyclohexene 


9. CH4CH;OH can be converted into 


CH,CHO by 

(a) catalytic hydrogenation 

(b) treatment with LiAlH, 

(c) treatment with pyridinium chlorochromate 
(d) treatment with KMnO, 


10. Which among the following is not 


amphoteric? 
(a) APÉ* (bcr? (c) Fe?* (d) Zn” 
Or 
Which of the following ion is diamagnetic? 
(а) Nd** (b) La?* 
(c) ТЪ?* (d) Er?* 


11. Which of the following will be most stable 


diazonium salt? 
eo o0 
(a) C;SHs NX (b) CH,N,X 


Ф Ө oo 
(c) CHCH, NX (9) C;H;CH;N;X 
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Or 


The electrolytic reduction of nitrobenzene 
in strongly medium produces 

(a) azobenzene 

(b) aniline 

(c) p-aminophenol 

(d) azoxybenzene 


Answers 
3. (а) 4. (с) 5. (а) ог (c) 6. (Ы) 7. (с) 
8. (а) ог (с) 9. (с) 10. (Ы) ог (с) 11. (а) ог (с) 


Assertion-Reason 

In the following questions (Q.No. 12-1 6) a statement 
of Assertion followed by a statement of Reason is 
given. Choose the correct answer ouf of the following 


choices. 
(a) Assertion and Reason both are correct 
statements and Reason is correct explanation 


for Assertion. 

(b) Assertion and Reason both are correct 
statements but Reason is not correct 
explanation for Assertion. | 

(с) Assertion is correct statement but Reason is 
wrong statement. 

(d) Assertion is incorrect statement but Reason is 
correct statement. - 


12. Assertion It is difficult to replace chlorine 
by —OH in chlorobenzene in comparison 
to that in chloroethane. 

Reason Chlorine carbon (C—CI) bond in 
chlorobenzene has a partial double bond 
character due to resonance. 


13. Assertion Phenols give o- and 
p-nitrophenol on nitration with 
conc. HNO, and H,SO, mixture. 


Reason —OH group in phenol is 
o-,p-directing. 

14. Assertion All naturally occurring 
а-атіпо acids except glycine are optically 
active. 

Reason Most naturally occurring amino 
acids have L-configuration. 


15. Assertion Chromium is a typical hard 
metal, while mercury is a liquid. 
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Reason In Cr, there are six unpaired 
electrons, whereas in Hg, there is no 
unpaired electron. 


16. Assertion a-hydrogen atoms of carbonyl 
| compounds are acidic. 


Reason The strong electron releasing effect 
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Or 
Assertion 2-butenal lacks enolisable 
H-atoms, a to carbonyl group still it has 
sufficient acidic character, 


Reason The conjugate base of 2-butanal is 
stablised by resonance. 


of carbonyl group make the stabilisation of Answers 


the conjugate base by the resonance. 


12. (a) 13.(d) 14. (b) 15.(a) 16. (c) or (a) 


SECTION В: Short Answer Type 1 Questions 


17. Complete the following reactions : 
NH, 
(ii) Br/H,O 
18. In a first order reaction, 1096 of the 
Ieactant is consumed in 25 min. 
Calculate: к 
(i) The half-life period of the reaction, 
(i) The time required for completing 87.5% 
of the reaction. 
[Ans. (i) lij = 173.25 min (ii) t = 519.90 min] 
19, The standard oxidation potential of 
Ni/Ni^* electrode is 0.236 V If this is 
combined with a hydrogen electrode in an 
acidic solution, at what pH of the solution 
will measured emf be zero at 25°С? 
(Assuming [Ni?* ]=1 M) [Ans. ~4] 
20, Answer the following : 
(i) Why Co?* jg easily oxidised to Co** in 
Presence of a strong ligand. 


(ii) Arrange the following complex ions in 


increasing order of crystal field splitting 
energy (A, ), 


Сс}, [Cr(CN) Р, Icr(NH,), P 
Or (i) Write the IUPAC nomenclature 


of CrNH;), CL;]* and [Cofen), * 
complex, 


(ii) Magnetic moment of [MnCl, f^ is 
5.92 BM. Give reason. 
21. Give one chemical test to distinguish 
between the following pair of compounds: 
(i) Acetone and phenol 
(ii) Methanal and ethanal 


22. Explain the following | 
(i) Why do transition metal ions possess a 
great tendency to form complexes? 

(ii) The paramagnetic character in 
3d-transition series elements increases 
upto Mn and then decreases. 

Or 
(i) Explain why transition metals form 
complex compounds? 


(ii) Iron is ferromagnetic in nature. 
why? 


Explain 


23, Account for the following : 


Co(II) forms paramagnetic octahedral 
complex with weak field ligands whereas 
it forms diamagnetic octahedral complex 
with strong field ligands. 

24, Account for the following : 


(i) The enthalpy of atomisation is lowest 
for Zn in 3d-series of the transition 
element. 


(ii) Transition metals form a large number of 
complexes. 
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25. 0.5M aqueous solution of sodium chloride, 
show higher value of osmotic pressure 
than 0.5 M glucose solution at the same 
temperature. Why? 


Or The pressure composition plot of a 


ni s aan 


solution of two volatile liquids A and B is O Xo t 
given below. EAE naf res rd 
Answer the following by studying the plot .. (i) Which liquid has higher boiling point? 
carefully. (ii) What do points Y and Z represent? 


SECTION C : Short Answer Type Il Questions 


li i E ‘ ' . : "Ту! ДЕ 
26. (i) Complete the following геаспар$г following compound has 'D' or 


| JA configuration. 
(a) CH3CH;CH;CH;Cl ———> = ea 
(b) CH,CH; CHCH; =") H OH 
Cl HO н 
———T-—- HO H 
a га { (ii) What is the type of the above reactions? E кӨн | 
359% (iii) Predict the major product formed іп (i) Aldopentoses named as ribose and — 
) ae reaction (b). | 2-deoxyribose are found in nucleic acids. 
nile. | What is their relative configuration? 
= © | 27. Give an example (equation) for each of the Or 
A Zo following name reactions Y | І 
ae i) Aldol condensation (i) Monosaccharides contain carbonyl 
=). (i) group hence are classified, as aldose or 
-— 5 (ii) Rosenmund's reduction ketose. 
28. An aromatic compound A on treatment The number of carbon atoms present in 
p р 
with aqueous ammonia on heating forms a the monosaccharide molecule are also 
compound B, which on heating with Br; and ' considered for classification. In which 
KOH forms a compound C of molecular class of monosaccharide will you place 
formula СН; №. Write the structures fructose? 
and IUPAC names of compounds (ii) In nucleoside, a base is attached at ‘1’ 
A, B and C. | position of sugar moiety. Nucleotide is 
Ag NH3 Вг,/КОН formed by linking of phosphoric acid 
A A B A i ui unit to the sugar unit of nucleoside. At 
| | | which position of sugar unit is the 
Or (i) Illustrate the Gattermann reaction with phosphoric acid linked in a nucleoside to 
an example. give a nucleotide? 


(ii) Give chemical tests to distinguish between 30 


a primary and a secondary amine. (i) Express the relation between 


conductivity of a solution cell constant. 


29. (i) The letters 'D' or ‘L before the name of a 
en ii) Determin libri 
stereoisomer of a compound indicate the ti) pace үнс i aap ates 
correlation of configuration of that reactions as 25°C d 
particular stereoisomer. This refers to Ni(s) - 2Ag (aq) | Ni?* (aq) +2Ag(s) 


| 


their relation with one of the isomers of 
glyceraldehyde. Predict whether the Е°=1.05 У [Е =96500С mol] 
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SECTION D: Long Answer Type Questions 


31. (a) The molecular weights of sodium 
chloride and glucose are determined by 
the depression of freezing point method. 
Compared to their theoretical molecular 
weight, what will be their observed 
molecular weights when determined by 
the above method? Justify your answer. 

(b) What will be the vapour pressure of a 
solution containing 5 moles of sucrose 
(C45H5,0,,) in 1 kg of water, if the 
vapour pressure of pure water is 4.57 
mm of Hg? (C =12, H=1, O=16) 

Or 

(a) What is a colligative property? Give two 
examples. 

(b) A solution of lactose containing 8.45 g of 
lactose in 100 g of water has a vapour 
pressure of 4.559 mm Hg at 0°C. If 
the vapour pressure of pure water is 
4.579 mm Hg, calculate the molecular 
weight of lactose. 


32. (i) Fora reaction A+ B — P, the rate is 
given by 
Rate = k[A] [B 
(a) How is the rate of reaction affected, if 


the concentration of B is quadrupled? 
[Ans. 16 times] 


(b) What is the overall order of reaction if 
А is present in large excess ? 

(ii) A first order reaction takes 23.1 min for 
50% completion. Calculate the time 
required for 75% completion of the 
reaction. [Ans. 46.2 min] 

Or 

(i) In a reaction, if the concentration of the 

reactant R is quadrupled, the rate of 


reaction becomes sixty four times. 

What is the order of reaction? [Ans. 3] 
(ii) A first order reaction has a rate constant 

of 0.0051 тіп”'. If we begin with 0.10 M 

concentration of reactant, what 

concentration of reactant will remain in 

solution after 3 hours? [Ans. 0.04 mol/L] 


33. An organic compound 'A' with molecular 


formula C,H, 0 reacts with zinc dust to 
give a hydrocarbon 'B', which upon 
reaction with CH,Cl in the presence of 
anhydrous AICI, gives 'C'. Compound С 
on oxidation with alkaline KMnO, gives 
compound D. 

Compound A on further reaction with NH, 
in the presence of anhydrous ZnCl, gives ' 
E'. Identify the compound A, B,C, D and E, 
also justify your answer by giving relevant 


chemical equations. 
Or 


(i) How will you convert 
(a) phenol into picric acid ? 
(b) cumene into phenol ? 

(ii) Write the structures of A and B in the 
following reactions : 


Cl 
(i) 623 K, 
320 atm Р 
(а) + 2NaOH cia A 
Dry ethe 
(b) CH,OCH,Cl+CH,Mgl ——> 
A+B 

OC)H; 

(c) +HI——> A+B 
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All;none Chemistry for Class 12th has been written specially for students studying in Class 12th 
with CBSE Curriculum. It is written by an experienced examiner, It provides all the explanation and 
guidance, you need to study efficiently and succeed in the exam. | 


To make the students understand the chapter completely, each chapter has been divided into 
Individual Topics and each such topic has been treated as a separate chapter, Each topic has Detailed 
Theory, supported by Examples, Tables, Diagrams etc., followed by the questions grouped as 
Objective Type Questions, Very Short Answer Type Questions, Short Answer Type | Questions, Short 
Answer Type ll Questions and Long Answer Type Questions. These questions cover NCERT 
Questions, Previous Years' CBSE Examinations Questions and other Important Questions from 
examination point of view. To facilitate the easy learning and practice, explanations to allthe 
questions have been given step-by-step. 


FEATURES OF THE BOOK 

e For the students to check their understanding of the chapter, a Chapter Practice has been given. 
e Summary in each chapter is the newly added features of the book, 

* At the end of book, 5 Sample Question Papers have been given. 
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